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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the purification of maleic anhydride recovered from a gaseous reaction mixture 
produced by the catalyzed partial oxidation of a hydrocarbon. More particularly, the present invention is directed to 
processes and apparatus for improving the purity and color stability of recovered maleic anhydride. 
[0002] Maleic anhydride is used alone or in combination with other acids in the manufacture of alkyd and polyester 
resins. It is also a versatile intermediate for chemical synthesis. 

[0003] Maleic anhydride is prepared commercially by contacting a feed gas comprising molecular oxygen and a 
suitable hydrocarbon (e.g., n-butane or butene) with a vanadium-phosphorus-oxygen fixed-bed catalyst. The hydro- 
carbon is partially oxidized as it passes through a tubular reactor containing the fixed bed catalyst. The reaction product 
gas that is produced contains maleic anhydride together with oxidation by-products such as carbon monoxide, carbon 
dioxide, water vapor, acrylic and acetic acids and other by-products, along with inert gases present in air when air is 
used as the source of molecular oxygen. 

[0004] The prior art discloses a number of methods for isolating and recovering maleic anhydride from the reaction 
product gas. The preferred method of recovery involves selectively absorbing maleic anhydride in a suitable solvent 
and then stripping the maleic anhydride from the resulting absorption liquor to obtain a crude maleic anhydride product 
as described in copending U.S. patent application serial no. 08/406,674. In the process, the reaction product gas exits 
the reactor and is cooled to a temperature above the dew point of the water in the reaction product gas in a heat 
exchanger. The cooled product gas exiting the heat exchanger is introduced into an absorber column in which the gas 
is contacted with a lean maleic anhydride-absorbing solvent. The gas and solvent come into contact in an absorption 
zone containing either packing material or trays for promoting gas/liquid contact. Maleic anhydride is absorbed in the 
solvent along with a portion of the oxidation by-products (e.g., carbon monoxide, carbon dioxide, water, acrylic acid, 
acetic acid and polymeric tars). The remaining oxidation by-products and inert gases in the product gas pass from the 
system as an exhaust gas substantially free of maleic anhydride. The absorption liquor exits the absorber column and 
flows to a rich solvent surge tank. 

[0005] The absorption liquor from the surge tank is continuously stripped of maleic anhydride in a stripping column 
to recover crude maleic anhydride and regenerated absorbing solvent containing the absorbing solvent and contami- 
nants. In the stripper column, maleic anhydride and lower boiling materials of the absorption liquor (mostly water and 
acrylic acid) immediately vaporize. The vapor rises through the column, exits the top of the column and enters a stripper 
condenser in which the vapor is cooled to produce a condensate. All condensate formed in the stripper condenser is 
returned to the stripper column as reflux. A liquid side draw of crude maleic anhydride is continuously removed from 
the stripper column and forwarded to a maleic anhydride purification stage. 

[0006] Crude maleic anhydride recovered in a process as described above is generally treated by introducing the 
crude maleic anhydride into a batch distillation column. The batch distillation process consists of a forecut step followed 
by a heartcut step. In the forecut step; low boilers are removed at the top of the column and partially condensed. A 
portion of the condensate is returned to the column as reflux, and the remainder of the condensate is removed as a 
forecut. After removal of the forecut quantity, the heartcut step is conducted. In the heartcut step, vapor removed from 
the top of the column is condensed to form a condensate. A portion of the condensate is recycled back to the top of 
the column as reflux. The remainder is withdrawn as purified maleic anhydride product. The color stability of the maleic 
anhydride product is improved by increasing the volume of forecut removed from the column. However, removal of a 
greater volume of forecut reduces the throughput and yield of maleic anhydride product per batch. 
[0007] U.S. Patent No. 3,865,849 describes a two stage purification method in which maleic acid in crude maleic 
anhydride is thermally decomposed into maleic anhydride and water in the first stage, a forerun composed predomi- 
nantly of water is separated in the first stage, and maleic anhydride is continuously distilled in the second stage. The 
first stage is carried out in a cascade with at least two reactors in series and a common distillation column operated at 
200 mm Hg. Vapors from the reactors are directed to the base of the distillation column, vapors containing water and 
low boiling impurities are removed from the top of the column and discharged after condensation as a forerun. After 
removal of the forerun, maleic anhydride vapors are removed from the top of the column, condensed and returned to 
the column. Maleic anhydride exiting the last reactor is continuously pumped to a distillation column operated at 60 
mm Hg. Vapors withdrawn from the top of the column are condensed. A portion of the condensate is refluxed to the 
top of the column, and the remainder is withdrawn as purified maleic anhydride. The bottoms residue contains 20 wt. 
% fumaric acid and high boiling resinous components and 80 wt.% maleic acid. The maleic acid is recovered by dis- 
tillation and recycled to the first reactor. 

[0008] U.S. Patent No. 3,939,183 describes distillation of crude maleic anhydride in a twenty tray distillation column 
operated at a pressure of about 50 torr and an overhead temperature of about 238°F. a forecut takeoff of 2.5-6% of 
charge, a heartcut takeoff of 75-85% of charge, and a 9:1 reflux ratio during heartcut takeoff. Improved color stability 
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is obtained by contacting the crude maleic anhydride with a metal halide and phosphorus pentoxide or a perborate 
before distillation. 

[0009] U.S. Patent No. 3,965,123 describes a batch or continuous process for recovering maleic anhydride of good 
color stability. Crude maleic anhydride from a receiving vessel is introduced into the top of a lights stripper. Vapor taken 

s overhead is recycled to the receiving vessel. Maleic anhydride condenses in the receiving vessel and is returned to 
the lights stripper. Vapor in the receiving vessel is partially condensed and light boiling materials, such as acetic acid 
and acrylic acid, are removed. The stripped maleic anhydride exits from the bottom of the stripper and is introduced 
into a twenty tray batch distillation column operating at 50 mm Hg and an overhead temperature of 238° F. The initial 
90 wt% of the material distilled overhead is taken as a product cut. Alternatively, the first 5 wt.% is taken as a forecut 

10 and the next 85 wt.% of the overhead stream is taken as a product cut. In another embodiment, the crude maleic 
anhydride from the receiving vessel is fed directly to the distillation column, a 5 wt.% forecut is taken, and the next 85 
wt.% of the overhead stream is taken as product. When manganous chloride is then added to the product and the 
product is heated at 284° F for 24 hours, the maleic anhydride has a color of 10-50 Hazen. When manganous chloride 
is not added to the product, the maleic anhydride has the same or worse Hazen color than typical commercial maleic 

15 anhydride. 

[0010] U.S. Patent No. 4,260,546 describes a twenty tray batch distillation column whose trays have a separation 
efficiency of 50% at the conditions of 100 mm Hg absolute pressure, a 1% forecut takeoff and a 1 :1 reflux ratio during 
heartcut takeoff. 

[0011] U.S. Patent No. 4,921 ,977 describes a process for improving the color stability of maleic anhydride by treating 
20 crude maleic anhydride with a gas containing oxygen before or during continuous or batch distillation. Crude maleic 
anhydride is introduced to the tenth plate of a 50 plate fractionating column having an 80 mm diameter and operating 
at a head pressure of 100 mbar. Vapor removed from the head is condensed and 99% is recycled to the column as 
reflux. The remaining 1% is removed as product containing 99.98% maleic anhydride. Liquid maleic anhydride taken 
from the fortieth plate initially has a platinum-cobalt color of 5-10 which increased to 40-60 after two days in storage. 
25 When the process is repeated with air being introduced into the crude maleic anhydride fed to the column, the platinum- 
cobalt color remains at 5-10 after storage. 

[0012] U.S. Patent No. 4,961,827 describes a process for preparing purified maleic anhydride having good color 
stability. Crude maleic anhydride is fed to the eighteenth bubble cap tray of an 80 mm diameter column containing sixty 
bubble cap trays operated under a head pressure of 1 50 mbar Vapor containing low boilers removed from the top of 

30 the column is condensed and 99.5% of the condensate is recycled to the column as reflux. The remaining 0.5% of the 
condensate is product containing 99.97 wt.% maleic anhydride. Vapor taken off from the fiftieth tray is composed of 
99.7 wt.% maleic anhydride and 0.3 wt.% citraconic anhydride. The vapor is passed to a condenser in which 2-10% 
of the gas is condensed as a precondensate. The remaining vapor is completely condensed downstream. The maleic 
anhydride has a color of less than 40 Hazen when heated at 140°C for two hours. The precondensate has a color 

35 greater than 200 Hazen. 

[0013] U.S. Patent No. 5,31 9,106 describes a maleic anhydride purification process in which crude maleic anhydride 
is fed from a stripper to a light ends distillation column. A polymerization inhibitor is fed to the top of the column to 
inhibit polymerization of acrylic acid. Acrylic and acetic acids are distilled overhead and vented. The bottoms from the 
stripper are introduced into a product distillation column wherein a vapor is distilled off overhead and condensed to 

40 form a condensate. The noncondensables are vented, and the condensate is the maleic anhydride product. The bot- 
toms from the column, which contain heavy ends, the polymerization inhibitor and organic solvent, are recycled to the 
stripper. 

[0014] British Patent No. 1,291,354 describes purification of crude maleic anhydride by feeding the crude to the 
fifteenth tray of a distillation column having twenty trays operating at a pressure of 70 mm Hg. Purified maleic anhydride 

45 is removed as a vapor above the fifteenth tray. A forecut of about 0.5% of the crude is withdrawn at the top of the column. 
[0015] European Patent Application No. 612,714 describes a continuous maleic anhydride purification process in 
which crude maleic anhydride is introduced into a first fractionating column wherein light boiling impurities are removed 
as an overhead vapor and liquid maleic anhydride is removed from the bottom of the column and directed to the center 
stage of a second fractionating column. The overhead vapor is partially condensed and the maleic anhydride conden- 

50 sate is totally recycled to the column. The uncondensed vapor containing maleic anhydride, water and coloring sub- 
stances is partially condensed in a second condenser and the condensate is recycled upstream to the absorption tower 
or the first fractionating column. Purified maleic anhydride containing less than 0.01 % acrylic acid and less than 0.05% 
maleic acid is recovered from a stage above the center stage of the column. 

55 SUMMARY OF THE INVENTION 

[0016] Among the objects of the present invention, therefore, are the provision of an improved process for the puri- 
fication and recovery of maleic anhydride in which maleic anhydride is efficiently recovered by distillation; the provision 
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of an improved process for the purification and recovery of maleic anhydride in which color precursors are separated 
from maleic anhydride to improve the color stability, purity and yield of the maleic anhydride; the provision of an improved 
process for the purification and recovery of maleic anhydride in which maleic anhydride throughput is improved and 
cycle time is reduced; the provision of an improved process for the purification and recovery of maleic anhydride which 
reduces the build-up of polymeric tars in the still pot of a batch distillation column; and the provision of an improved 
process for the purification and recovery of maleic anhydride which removes low and middle boiling materials and other 
impurities generated by decomposition of crude maleic anhydride during distillation. 

[0017] Briefly, therefore, the present invention is directed to a process for the purification and color stabilization of 
crude maleic anhydride by distillation in a batch distillation column. The process includes heating crude maleic anhy- 
dride, removing a first forecut comprised of maleic anhydride and low boiling materials, removing an overhead vapor 
after removal of the first forecut, condensing at least a portion of the overhead vapor to an overhead condensate, 
directing at least a portion of the overhead condensate to the column as reflux, and withdrawing a heartcut comprising 
maleic anhydride from a stage below that at which the first forecut and the overhead vapor are removed. The low 
boiling materials have a boiling point between about 45°C and about 155°C at a pressure of 760 mm Hg. The overhead 
vapor is comprised of middle boiling materials including maleic anhydride, and the middle boiling materials have a 
boiling point between about 160°C and about 285°C at a pressure of 760 mm Hg. The heartcut is withdrawn during 
removal of the overhead vapor. 

[0018] Another embodiment of the invention is directed to a process for the purification and color stabilization of 
crude maleic anhydride by continuous distillation. The process includes introducing crude maleic anhydride in a stripper 
column, removing an overhead stream from the stripper column, removing a bottoms stream from the stripper column, 
introducing the bottoms stream into a refining column, removing an overhead vapor from the refining column, condens- 
ing a portion of the overhead vapor to an overhead condensate, directing at least a portion of the overhead condensate 
to the refining column as reflux, and withdrawing a side draw stream comprising at least 99.90 wt.% maleic anhydride 
from the refining column during removal of the overhead vapor The overhead vapor is comprised of middle boiling 
materials including maleic anhydride and has a boiling point between about 160°C and about 285°C at a pressure of 
760 mm Hg. 

[0019] The present invention is also directed to a process for the purification and color stabilization of crude maleic 
anhydride by continuous distillation. The process includes heating crude maleic anhydride in a stripper column, re- 
moving an overhead stream from the stripper column, removing a bottoms stream from the stripper column, introducing 
the bottoms stream into a refining column, removing an overhead vapor from the refining column, condensing a portion 
of the overhead vapor to an overhead condensate, directing a portion of the overhead condensate to the refining column 
as reflux, removing the overhead condensate that is not directed to the refining column as reflux as an overhead 
distillate at a reflux to overhead distillate weight ratio between about 20:1 and about 500:1; and withdrawing a side 
draw stream comprising at least 99.5 wt.% maleic anhydride from the refining column during removal of the overhead 
vapor. The overhead vapor is comprised of middle boiling materials including maleic anhydride and has a boiling point 
between about 1 60°C and about 285°C at a pressure of 760 mm Hg. 

[0020] Yet another embodiment of the invention is directed to a process for the purification of crude maleic anhydride 
by distillation including treating the crude maleic anhydride with a gas containing an inert gas and, optionally, oxygen, 
such that noncondensables are purged from the crude maleic anhydride when the ratio of millimoles of oxygen in the 
cumulative gas flow during distillation to moles of crude maleic anhydride initially charged to the column is up to about 

3.5. 1 . 

[0021] Another embodiment of the invention is directed to a process for the purification of crude maleic anhydride 
by distillation including treating the crude maleic anhydride with a gas containing an inert gas and up to 5 mol.% oxygen 
such that noncondensables are purged from the crude maleic anhydride. 

[0022] Other objects and features of this invention will be in part apparent and in part pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

FIG. 1 is a schematic diagram of a process and apparatus for the purification and recovery of maleic anhydride 
via batch distillation in accordance with the present invention; and 

FIG. 2 is a schematic diagram of a process and apparatus for the purification and recovery of maleic anhydride 
via continuous distillation in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0024] In accordance with the present invention, a process for the purification and color stabilization of crude maleic 
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anhydride is provided in which maleic anhydride is separated from low boiling and middle boiling materials by distillation. 
Low boiling and middle boiling materials and other impurities are present in crude maleic anhydride feed and are also 
generated as the result of chemical decomposition and other chemical transformations of the maleic anhydride during 
distillation. Middle boiling materials, such as alcohols, aldehydes and vinyl ethers, are generally difficult to separate 

s from maleic anhydride and are believed to impair the color stability of maleic anhydride at concentrations of about 10 
ppm or more. It has been discovered that separation is enhanced by removing a forecut comprised of maleic anhydride 
and low boiling materials from the upper portion of the column and subsequently removing a refined product comprised 
of maleic anhydride from a stage above the center stage of the column while an overhead vapor comprised of middle 
boiling materials including maleic anhydride is removed from the upper portion of the column and partially condensed. 

10 At least a portion of the overhead vapor condensate is directed to the column as reflux to provide liquid for vapor/liquid 
contact within the column. The remainder of the overhead vapor condensate, if any, is removed as an overhead distillate 
at a reflux to overhead distillate weight ratio between about 1 44: 1 and about 2: 1 . It has been found that removing the 
overhead vapor and returning middle boiling materials to the upper portion of the column at a reflux ratio in this range 
results in removal of middle boiling materials in the overhead distillate. The process removes low boiling and middle 

15 boiling materials and other impurities present in the maleic anhydride feed or generated during distillation, thereby 
providing a greater yield of refined product that constitutes high purity maleic anhydride exhibiting enhanced color 
stability after stabilization. 

[0025] For the purposes of the present invention, low boiling materials have a boiling point between about 45°C and 
about 155°C at a pressure of 760 mm Hg, and middle boiling materials have a boiling point between about 160°C and 

20 about 285°C at a pressure of 760 mm Hg. A refined product is a product cut comprised of at least about 95.0 wt.% 
maleic anhydride, preferably at least 99.5 wt.%, and, more preferably, between about 99.90 wt.% and about 99.98 wt. 
%. The refined product is referred to as a heartcut in a batch distillation process and as a side draw stream in a 
continuous distillation process of the invention. A forecut or an overhead distillate enriched in low boilers is comprised 
of maleic anhydride and low boiling materials and is removed at a stage above that at which the heartcut or side draw 

25 stream is removed. An overhead distillate is a stream comprised of middle boiling materials including maleic anhydride 
that is removed at a stage above that at which the heartcut or side draw stream is removed. 

[0026] It has also been found that purification of crude maleic anhydride is improved by treating the crude maleic 
anhydride with a gas comprising an inert gas and up to 5 mol.% oxygen in order to purge low boiling materials and 
noncondensables from the crude maleic anhydride into the lower portion of the distillation column. Oxygen within the 
30 sparge gas is believed to oxidize color forming materials within the crude maleic anhydride resulting in improved color 
stability. 

[0027] A schematic diagram of the process and apparatus of the present invention is illustrated in FIG. 1 . The process 
includes the production of maleic anhydride, absorption of maleic anhydride in a solvent, and stripping maleic anhydride 
from the solvent as described in copending U.S. patent application serial no. 08/406,674. The maleic anhydride is then 

35 purified according to the present invention. 

[0028] in order to produce maleic anhydride, a feed gas mixture comprising molecular oxygen and a suitable hydro- 
carbon is introduced via line 1 0 into a reactor 1 2 containing an oxidation catalyst for the partial oxidation of the hydro- 
carbon to form maleic anhydride. The feed gas mixture is produced by mixing a gas containing molecular oxygen, 
preferably air, and a gaseous hydrocarbon feedstock. Typically, the hydrocarbon is admixed with the molecular oxygen- 

40 containing gas at a concentration of about 1 .5 mole percent to about 10 mole percent hydrocarbon. It is well known to 
those skilled in the art that a variety of hydrocarbons, such as n-butane, can be catalytically converted to maleic an- 
hydride. 

[0029] Hydrocarbons in the feed gas mixture are converted to maleic anhydride by contacting the feed gas mixture 
with a vanadium-phosphorus-oxygen catalyst at elevated temperatures in the reactor 12. A variety of reactor configu- 
45 rations can be used to produce a reaction product gas comprising maleic anhydride. Both fluidized bed reactors and 
fixed-tube, heat -exchanger type reactors are satisfactory. The details of the operation of these reactors are well known 
to those skilled in the art. 

[0030] The feed gas mixture flows through the reactor in which it contacts the vanadium-phosphorus-oxygen catalyst. 
Typically, the feed gas mixture is contacted with the catalyst at a space velocity of about 100 hr 1 to about 4,000 hr 1 

50 at a temperature from about 300°C to about 600°C, preferably about 1800 hr 1 and about 325 D C to about 500°C, to 
provide an excellent yield of and selectivity to maleic anhydride. Pressure is not critical to the oxidation reaction. The 
reaction may be conducted at atmospheric, superatmospheric, or subatmospheric pressures. For practical reasons, 
however, it will generally be preferred to conduct the reaction at or near atmospheric pressure. Generally, pressures 
from about 1 .01 3 x 10 2 kPa absolute (1 4.7 psia, 1 atm.) to about 3.10 x 10 2 kPa absolute (45.0 psia) may be employed. 

55 [0031] The reaction product gas typically contains about 0.5 to about 2 percent by volume maleic anhydride together 
with oxidation by-products such as carbon monoxide, carbon dioxide, water vapor, acrylic and acetic acids and other 
by-products, along with inert gases present in air when air is used as the source of molecular oxygen. It will be recog- 
nized by those skilled in the art that the type of maleic anhydride reactor, and the type and concentration of the hydro- 
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carbon in the feed gas mixture will affect the concentrations of maleic anhydride and oxidation by-products in the 
reaction product gas withdrawn from the reactor. 

[0032] The reaction product gas exits reactor 12 through line 14 and is directed to a heat exchanger 16 to cool the 
gas to a temperature preferably below about 200°C, but above the dew point of the water in the reaction product gas. 
If the product gas is cooled to a temperature below the dew point of water, maleic anhydride, or other components, 
these materials will accumulate on the walls of the equipment and obstruct gas flow Generally, for a product gas 
containing about 1 volume percent maleic anhydride and about 10 volume percent water vapor, the product gas should 
be cooled to a temperature between about 60°C and about 200° C, preferably between about 1 00°C and about 150° C. 
[0033] The cooled product gas exiting heat exchanger 16 flows via a rich gas line 18 to an absorber column 20 while 
lean maleic anhydride-absorbing solvent from lean solvent storage tank 22 flows via lean solvent line 24 and is intro- 
duced near the top of the column. The reaction product gas and the lean solvent flowcountercurrently through absorber 
column 20. Suitable absorbing solvents, such as dibutyl phthalate, are well known in the art. 
[0034] The absorption zone of the absorber column 20 comprises packing material (e.g., saddles, rings etc.) for 
promoting gas/liquid contact and mass transfer of maleic anhydride and a portion of the oxidation by-products (e.g., 
carbon monoxide, carbon dioxide, water, acrylic and acetic acids and polymeric tars) from the gas phase to the liquid 
phase. Alternatively, the absorber column may comprise a tray column in which gas/liquid contact is effected on the 
trays. The gas phase containing remaining oxidation by-products and inert gases is released through a vent line 26 at 
the top of absorber column 20 as an exhaust gas substantially free of maleic anhydride. The absorption liquor exits 
from a point near the bottom of the absorber column 20 and flows to a rich solvent surge tank 28. 
[0035] In addition to absorbing solvent, maleic anhydride and oxidation by-products, the absorption liquor further 
comprises a variety of contaminants including maleic, fumaric and phthalic acids, polymeric tars, and phthalic anhydride 
that are generated in the absorption and stripping loop. Maleic acid is present as a result of the hydrolysis of maleic 
anhydride in the absorption liquor. Maleic acid subsequently isomerizes to produce fumaric acid. Phthalic anhydride 
is produced as a result of an ester exchange reaction between maleic anhydride and water and, when dibutyl phthalate 
is used as the absorbing solvent, is also produced as a result of hydrolysis or thermal decomposition of the solvent. 
Hydrolysis of phthalic anhydride produces phthalic acid in the absorption liquor. 

[0036] The absorption liquor from the absorber column 20 is continuously stripped of maleic anhydride in a stripping 
step to recover crude maleic anhydride and regenerated absorbing solvent comprising the absorbing solvent and con- 
taminants. As shown in FIG. 1 , the rich absorption liquor from surge tank 28 flows via line 30 to a stripper feed preheater 
32 where it is heated before being introduced above a stripping zone of a stripper column 34. The absorption liquor 
introduced into the stripper column 34 is preferably above the bubble point at the prevailing pressure within the column 
such that maleic anhydride and lower boiling components of the absorption liquor (mostly water and acrylic acid) im- 
mediately vaporize. The vapor rising through the stripper column 34 exits the top of the column and enters a stripper 
condenser 36 which cools the vapor to produce a condensate. Uncondensed components of the vapor exit the stripper 
condenser 36 via line 38. All the condensate formed in the stripper condenser 36 is returned to the stripper column 34 
as reflux and enters a rectifying zone of the stripper column. 

[0037] A liquid side draw of crude maleic anhydride is continuously removed from the rectifying zone of the stripper 
column 34 via a chimney tray liquid trap at line 40. The crude product is forwarded to a maleic anhydride purification 
stage. 

[0038] The liquid phase within the stripper column 34 flows downward from the column feed inlet through the stripping 
zone and circulates through a stripper reboiler. A portion of the liquid returning from the reboiler vaporizes and flows 
upward through the stripping zone. Stripper bottoms are pumped to an afterflasher for regeneration of solvent and 
further removal of maleic anhydride. A portion of the afterflasher condensate flows to rich solvent surge tank 28. Op- 
eration of the reactor, absorber column and stripping column is described in copending U.S. patent application 
08/406,674, which is incorporated herein by reference. 

[0039] Maleic anhydride removed from the stripper column 34 is then purified by batch or continuous distillation. 
When purification is batch-wise, crude maleic anhydride is directed via line 40 to a batch refiner 42 for purification as 
shown in FIG. 1. Crude maleic anhydride is fed to a still pot 44 at the base of the batch refiner 42. The crude maleic 
anhydride is heated to a temperature between about 140°C and about 190°C, preferably between about 160°C and 
about 170°C, while the column is operated at a head pressure of about 1 85 to about 385 mm Hg, preferably from about 
200 mm Hg to about 280 mm Hg. At these operating conditions, materials within the crude maleic anhydride decompose 
in the still pot 44 throughout the distillation and form low boiling materials. As vapor rich in the low boiling materials 
forms in the still pot, the vapor enters the column where it is brought into countercurrent contact with a descending 
stream of boiling liquid. The refiner 42 contains a packing material (e.g., saddles, rings etc.) for promoting vapor/liquid 
contact and mass transfer of maleic anhydride from the vapor phase to the liquid phase. Alternatively, the batch refiner 
42 may comprise a tray column in which vapor/liquid contact is effected on perforated plates or trays. 
[0040] The batch refiner 42 generally has between about 10 and about 50 equilibrium stages. The heartcut is with- 
drawn from a stage that is at least 8 equilibrium stages above the still pot 44. The refiner 42 generally includes between 
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about 8 and about 48 equilibrium stages between the still pot 44 and a stage at which the heartcut is withdrawn, and 
between about 1 and about 20 equilibrium stages between the stage at which the heartcut is withdrawn and the top 
of the column. The heartcut is typically withdrawn via line 46 from a reflux splitter 48 located above the center stage 
of the column. Preferably, the batch refiner includes between about 10 and about 30 equilibrium stages between the 
5 still pot 44 and the reflux splitter 48, and between about 1 and about 8 equilibrium stages between the reflux splitter 
48 and the top of the column. Although a refiner having more equilibrium stages will improve the selectivity and sep- 
aration of components of the crude maleic anhydride, the cost of additional stages may not be justified by the additional 
degree of resolution achieved. 

[0041] For purposes of the present invention, an equilibrium stage is a stage at which the vapor and liquid streams 
io leaving the stage are in equilibrium with each other. An equilibrium stage in a plate column is known as a theoretical 
plate, while in a packed column it is known as a transfer unit. The actual stages in a column can be determined from 
the number of equilibrium stages by well known methods. The number of actual stages in a plate column is determined 
by dividing the number of theoretical plates by a plate efficiency. The height of packing needed to accomplish a sep- 
aration in a packed column is determined by multiplying the number of transfer units (NTU) required times the height 
15 equivalent to one transfer unit (HTU). 

[0042] Vapor rising within the upper portion of the batch refiner 42 is removed via line 50 and partially condensed at 
a temperature above the dew point of the water in the vapor in a condenser 52 to form a condensate. Initially, the 
condensate is directed to the refiner 42 as reflux via line 54. 

[0043] After start-up of the refiner 42, an overhead vapor is removed at a stage above the stage at which the heartcut 
20 js withdrawn to purge impurities having a lower boiling point than maleic anhydride from the system. The overhead 
vapor is comprised of low boiling materials, which have a boiling point between about 45°C and about 155°C at a 
pressure of 760 mm Hg, and maleic anhydride. Preferably, the overhead vapor is removed at or near the top of the 
column. In FIG. 1 , the overhead vapor is removed via line 50 from the top of the column. 

[0044] The overhead vapor partially condenses in a condenser 52 at a temperature above the dew point of the water 
25 in the vapor to form an overhead vapor condensate. The condensate separates from remaining vapor in a separator 
56. A reflux splitter 58 directs at least a portion of the overhead vapor condensate to the column as reflux via line 54, 
while the remainder of the overhead vapor condensate is removed as a first forecut via line 60. The weight ratio of 
reflux via line 54 to first forecut via line 60 is preferably between about 15:1 and about 1:2, more preferably between 
about 8:1 and about 4:1, and, most preferably, between about 6:1 and about 5:1. 
30 [0045] The vapor leaving the separator 56 partially condenses in condenser 62 and is removed as a first forecut that 
is rich in low boilers via line 64. The first forecuts can then be recycled via lines 60 and 64 to the lean solvent storage 
tank 22 storing the lean maleic anhydride absorbing solvent to be fed to the absorber column 20, or to the surge tank 
28 storing the rich absorption liquor to be fed to the stripper column 34. 

[0046] After the forecut is removed from the batch refiner 42, the operating temperature and pressure of the column 

3s are reduced to between about 1 25°C and about 1 55°C, preferably between about 1 30°C and about 140°C, and about 
50 mm Hg to about 185 mm Hg, preferably between about 80 mm Hg and about 100 mm Hg. Operation of the column 
at a higher temperature and pressure would increase the rate of tar and polymer formation in the still pot 44 resulting 
from thermal decomposition of crude maleic anhydride heated for a prolonged period. Column operation at an even 
lower temperature may cause maleic anhydride to solidify in the condenser 52. 

40 [0047] After reducing temperature and pressure, a heartcut comprising maleic anhydride is withdrawn at a stage 
above the center stage of the batch refiner 42. A liquid stream leaving the column enters a product splitter 48 that 
directs a portion of the liquid stream to the column as reflux via line 66. The remainder of the liquid stream is removed 
via line 46 as heartcut. In an alternative embodiment, the heartcut is directly removed from the refiner 42 via line 46 
without being directed through an external product splitter 48 because the liquid stream is split internally. In either 

45 embodiment, the weight ratio of the heartcut withdrawn from the column to remaining liquid travelling down the column 
from the stage at which the heartcut is withdrawn is preferably between about 4:1 and about 1:4, more preferably 
between about 3:1 and about 1:1, and, most preferably, between about 2.5:1 and about 2:1. 
[0048] As the heartcut is withdrawn from the refiner 42, an overhead vapor comprised of middle boiling materials, 
including maleic anhydride, having a boiling point between about 160°C and about 285°C at a pressure of 760 mm Hg 

so is removed at a stage above that at which the heartcut is withdrawn. Preferably, the overhead vapor is withdrawn at 
or near the top of the refiner 42 via line 50. 

[0049] The overhead vapor is partially condensed in the condenser 52 to form an overhead vapor condensate. The 
condensate separates from remaining vapor in the separator 56. The reflux splitter 58 directs at least a portion of the 
overhead vapor condensate to the column as reflux via line 54, while the remainder of the overhead vapor condensate 
55 js removed as an overhead distillate via line 60. The weight ratio of reflux via line 54 to overhead distillate via line 60 
is preferably between about 300:1 to about 50:1 , more preferably between about 250:1 to about 75:1 , and, most pref- 
erably between about 200:1 to about 100:1. 

[0050] The vapor leaving the separator 56 condenses in the condenser 62 and is removed as an overhead distillate 
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enriched in low boilers via line 64. The overhead distillate streams can be recycled via lines 60 and 64 to the lean 
solvent storage tank 22 storing the lean maleic anhydride absorbing solvent to be fed to the absorber column 20, to 
the surge tank 28 storing the rich absorption liquor to be fed to the stripper column 34, or via line 68 to the crude maleic 
anhydride feed to the batch refiner 42. The overhead distillate via line 60 can also be used as maleic anhydride product 
if the overhead vapor condensate is of the desired purity and is heat stable. 

[0051] The volume of forecut plus overhead distillate removed from the column at line 60 is between about 1% and 
about 20% of the volume of crude maleic anhydride introduced into the still pot 44. Preferably, the volume of the forecut 
plus overhead distillate removed is between about 1% and about 10%. If the volume of forecut plus overhead distillate 
removed is greater than 20%, the maleic anhydride yield may be adversely effected. 

[0052] The batch-wise process of the present invention serves to effectively separate middle boiling materials from 
maleic anhydride at the above-described reflux ratios to improve maleic anhydride yield and color stability. The heartcut 
contains at least about 95.0 wt % maleic anhydride, preferably at least about 99.5 wt.%, and, more preferably, between 
about 99.90 wt.% and about 99.98 wt.% maleic anhydride. The heartcut generally has a boiling point between about 
131°C and about 133°C at a pressure of about 85 mm Hg. Deleterious impurities in the heartcut are minimized by the 
process of the invention. The heartcut contains not more than 10 ppm acrylic acid and not more than about 0.02 wt. 
% maleic acid. 

[0053] The overhead distillate streams via lines 60 and 64 can be removed during the entire period in which heartcut 
is withdrawn, or during a portion of the heartcut withdrawal period. Preferably, an overhead distillate is removed during 
the initial 50% of heartcut withdrawal. The overhead distillate via line 60 is more concentrated in middle boiling materials 
when the overhead distillate flow rate is low (i.e., at a high reflux ratio) or when the column has a large number of 
stages between the top of the column and the reflux splitter 48. Removal of an overhead distillate during the time that 
heartcut is being withdrawn reduces the cycle time required for the distillation and improves maleic anhydride yield 
and throughput. 

[0054] In a preferred embodiment, an overhead distillate enriched in low boilers is withdrawn via line 64 to purge 
middle boiling materials from the system and heartcut exits the column via line 46. The overhead vapor condensate 
leaving the separator 56 is entirely directed to the column as reflux. The weight ratio of reflux via line 54 to heartcut 
via line 46 is preferably between about 1 .2: 1 to about 4: 1 , more preferably between about 1 .3: 1 to about 3: 1 , and, most 
preferably between about 1 .33:1 to about 2:1 . The weight ratio of heartcut via line 46 to overhead distillate enriched 
in low boilers via line 64 is preferably between about 35: 1 to about 21 0: 1 , more preferably between about 52:1 to about 
1 74: 1 , and, most preferably between about 70: 1 to about 1 40: 1 . 

[0055] In another embodiment of the invention, overhead distillates are withdrawn via lines 60 and 64 to purge middle 
boiling materials from the system and heartcut exits the column via line 46. The weight ratio of reflux via line 54 to 
heartcut via line 46 is preferably between about 1 .2:1 to about 4:1 , more preferably between about 1 .3:1 to about 3:1 , 
and, most preferably between about 1 .33: 1 to about 2: 1 . The weight ratio of heartcut via line 46 to overhead distillates 
via lines 60 and 64 is preferably between about 35:1 to about 210:1, more preferably between about 52:1 to about 
174:1, and, most preferably between about 70:1 to about 140:1. 

[0056] In yet another embodiment, an overhead distillate is withdrawn via line 64 to purge middle boiling materials 
from the system and heartcut exits the column via line 60. No heartcut is removed via line 46. The weight ratio of reflux 
via line 54 to heartcut via line 60 is preferably between about 0.2:1 to about 3:1 , more preferably between about 0.3: 
1 to about 2:1, and, most preferably between about 0.33:1 to about 1:1. The weight ratio of heartcut via line 60 to 
overhead distillate enriched in low boilers via line 64 is preferably between about 35:1 to about 21 0:1 , more preferably 
between about 52: 1 to about 1 74: 1 , and, most preferably between about 70: 1 to about 1 40: 1 . 
[0057] The batch refiner 42 can include a reflux splitter 70 for removing a second forecut via line 72 as a first forecut 
via line 60 is withdrawn. A second forecut is removed from the stage at which the heartcut is withdrawn, or from a stage 
at which the temperature is not more than 10°C lower than the temperature at the stage at which the heartcut is 
withdrawn. Removal of a second forecut improves maleic anhydride throughput and reduces the cycle time for the 
purification process. The weight ratio of the second forecut removed from the column to the remaining liquid travelling 
down the column from the stage at which the second forecut is removed is preferably between about 1 :30 and about 
1:2, more preferably between about 1:16 and about 1:4, and, most preferably, between about 1:10 and about 1:5. 
[0058] At least one additional heartcut can also be withdrawn from the batch refiner 42 at a stage between the top 
of the column and the center stage. Removal of additional heartcut improves maleic anhydride throughput. Improved 
throughput may reduce the amount of polymerization that occurs in the still pot of the refiner 42 as a result of time/ 
temperature exposure of the crude maleic anhydride for a prolonged time period. 

[0059] After the heartcut is removed, the batch distillation is discontinued and the still pot is recharged with crude 
maleic anhydride. The contents of the batch refiner 42 drain into the still pot 44 during this shut down period. Once the 
still pot is recharged, the start up procedures detailed above can be commenced. The bottoms residue within the still 
pot 44 is periodically removed in order to expel polymers and tars which form as a result of thermal decomposition of 
components of the crude maleic anhydride. 
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[0060] In a continuous operation as shown in FIG. 2, crude maleic anhydride is directed via line 40 to an upper stage 
of a low boiler stripper 74 for removal of low boiling materials. Vapor rich in low boiling materials is removed from the 
top of the low boiler stripper via line 76 and condensed in a condenser 78 to form a low boiler stripper make. A reflux 
splitter 80 directs a portion of the low boiler stripper make to the column as reflux via line 82. The remainder of the low 

s boiler stripper make is directed via line 84 to a storage tank 86. The low boiler stripper make from the storage tank 86 
can be recycled to the lean solvent storage tank 22 storing the lean maleic anhydride absorbing solvent to be fed to 
the absorber column 20 or to the surge tank 28 storing the rich absorption liquor to be fed to the stripper column 34, 
or is purged from the system. The weight ratio of reflux via line 82 to remaining low boiler stripper make via line 84 is 
preferably between about 100:1 to about 1:1, more preferably between about 50:1 to about 5:1, and, most preferably 

10 between about 20: 1 to about 10:1. 

[0061] Liquid rich in middle and high boiling materials flows to the bottom of the stripper 74 and is directed via line 
88 to a reboiler 90. Vapor from the reboiler 90 is returned to the low boiler stripper column via line 92. The bottoms 
liquid is also directed via line 94 to a continuous refiner 96 for separation of middle boiling materials from maleic 
anhydride in the liquid. 

15 [0062] The low boiler stripper 74 is operated at a temperature which varies from between about 100°C and about 
180°C in the reboiler to between about 115°C and about 145°C in the top vapor space. A temperature below about 
1 1 5°C at the top of the low boiler stripper 74 will not allow adequate purging of low boiling materials, and a temperature 
above about 145°C at the top of the column may overload the condenser. The column is operated at a head pressure 
of about 50 to about 700 mm Hg. The volumetric rate of removal of low boiling material from the stripper 74 is between 

20 about 1% and about 20% of the volumetric rate of introduction of crude maleic anhydride into the column. Preferably, 
the volumetric rate of removal of low boiling material is between about 1% and about 10% of the volumetric rate of 
introduction of the crude maleic anhydride. If the volumetric rate of removal of low boiling material is greater than 20%, 
the maleic anhydride yield may be adversely effected. 

[0063] In the continuous refiner 96, vapor is brought into countercurrent contact with a descending stream of boiling 

25 liquid. The concentration of middle boiling material in the vapor phase increases as the vapor rises toward the top of 
the column so long as the reflux to the column is richer in middle boiling materials than the equilibrium concentration 
corresponding to the vapor entering the column from the reboiler. At such conditions, some middle boiler diffuses from 
the liquid into the vapor. The heat of vaporization of the middle boiler is supplied by an equal amount of heat of con- 
densation of high boiler as it diffuses from vapor to liquid. Thus, high boiler is transferred from vapor to liquid throughout 

30 the column, and a thermally equivalent amount of middle boiler is transferred from liquid to vapor. Middle boilers con- 
centrate In the vapor at the top of the column, and high boilers concentrate in the liquid at the base of the column. 
[0064] The continuous refiner 96 is a packed column or a tray column for promoting vapor/liquid contact and mass 
transfer of maleic anhydride from the vapor phase to the liquid phase. The refiner 96 generally includes between about 
9 and about 40 equilibrium stages between the base of the column and a stage from which a side draw stream com- 

35 prising maleic anhydride is withdrawn, and between about 1 and about 1 0 equilibrium stages between the stage from 
which the side draw stream is withdrawn and the top of the column. The operating temperature and pressure of the 
continuous refiner 96 are between about 125°C and about 155°C, preferably between about 130°C and about 140°C, 
and about 50 mm Hg to about 185 mm Hg, preferably between about 80 mm Hg and about 100 mm Hg. 
[0065] A side draw stream comprising maleic anhydride is withdrawn at a stage above the center stage of the refiner 

40 96. A liquid stream leaving the column enters a product splitter 98 that directs a portion of the liquid stream to the 
column as reflux via line 100. The remainder of the liquid stream is removed via line 102 as the side draw stream. In 
an alternative embodiment, the side draw stream is directly removed from the refiner 96 via line 102 without being 
directed through an external product splitter 98 because the liquid stream is split internally. In either embodiment, the 
weight ratio of the side draw stream withdrawn from the column to remaining liquid travelling down the column from 

45 the stage at which the side draw stream is withdrawn is preferably between about 3:1 and about 1 :3, more preferably 
between about 2:1 and about 1 :3, and, most preferably, between about 1 :2 and about 1 :3. At least one additional side 
draw stream can be withdrawn from the refiner 96 at a stage above the center stage of the column to improve maleic 
anhydride throughput. 

[0066] As the side draw stream is withdrawn, an overhead vapor comprised of middle boiling materials, including 
50 maleic anhydride, having a boiling point between about 160°C and about 285°C at a pressure of 760 mm Hg is removed 
at a stage above that at which the side draw stream is withdrawn. Preferably, the overhead vapor is withdrawn at or 
near the top of the refiner 96 via line 104. 

[0067] The overhead vapor is partially condensed in condenser 106 to form an overhead vapor condensate. The 
condensate separates from remaining vapor in a separator 108. A reflux splitter 110 directs a portion of the overhead 
55 vapor condensate to the column as reflux via line 112, while the remainder of the overhead vapor condensate is removed 
as an overhead distillate via line 1 1 4. The weight ratio of reflux via line 1 1 2 to overhead distillate via line 1 1 4 is preferably 
between about 20:1 to about 500:1 , more preferably between about 50:1 to about 400:1 , and, mosfpreferably between 
about 70:1 to about 280:1 . 
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[0068] The vapor leaving the separator 1 08 condenses in a condenser 116 and is removed as an overhead distillate 
enriched in low boilers via line 118. The overhead distillates can be recycled via lines 114 and 118 to the lean solvent 
storage tank 22 storing the lean maleic anhydride absorbing solvent to be fed to the absorber column 20, to the surge 
tank 28 storing the rich absorption liquor to be fed to the stripper column 34, or via line 1 20 to the crude maleic anhydride 
feed to the continuous refiner 96. The overhead distillate via line 114 can also be used as maleic anhydride product if 
the overhead product is of the desired purity and is heat stable. 

[0069] The volumetric rate of removal of overhead distillates via lines 114 and 11 8 from the column is between about 
1% and about 20% of the volumetric rate of introduction of crude maleic anhydride into the refiner 96. Preferably, the 
volume of overhead distillate removed is between about 1% and about 10% of the volumetric rate of introduction of 
crude maleic anhydride. If the volumetric rate of overhead distillate removed is greater than 20%, the maleic anhydride 
yield may be adversely effected. 

[0070] The continuous process effectively separates middle boiling materials from maleic anhydride at the above- 
described reflux ratios to improve maleic anhydride yield and color stability. The maleic anhydride, acrylic acid and 
maleic acid content of the side draw stream is as described above for the heartcut of the batch distillation process. 
[0071] The overhead distillates via lines 114 and 118 can be removed either continuously or intermittently. The over- 
head distillates via lines 114 and 118 are more concentrated in middle boiling materials when the overhead product 
flow rate is low (i.e., at a high reflux ratio) or when the column has many stages between the top of the column and 
the stage at which the side draw stream is withdrawn. 

[0072] To most effectively separate middle boiling materials during fractionation, an overhead distillate is withdrawn 
via line 118 to purge middle boiling materials from the system, the side draw stream exits the column via line 102, and 
the overhead vapor condensate leaving the separator 1 08 is entirely directed to the column as reflux. The weight ratio 
of reflux via line 112 to side draw stream via line 102 is preferably between about 1.1:1 to about 4:1 , more preferably 
between about 1 .1 : 1 to about 2:1 , and, most preferably between about 1 .2:1 to about 1 .5:1 . The weight ratio of side 
draw stream via line 102 to overhead distillate via line 118 is preferably between about 20:1 to about 500:1, more 
preferably between about 50:1 to about 250:1 , and, most preferably between about 100:1 to about 200:1 . 
[0073] In another embodiment of the invention, overhead distillates are withdrawn from refiner 96 via lines 114 and 
1 1 8 to purge middle boiling materials from the system and a side draw stream exits the column via line 1 02. The weight 
ratio of reflux via line 1 1 2 to side draw stream via line 1 02 is preferably between about 1.1:1 to about 4: 1 , more preferably 
between about 1.1:1 to about 2:1, and, most preferably between about 1.2:1 to about 1.5:1. The weight ratio of side 
draw stream via line 102 to overhead distillate via line 114 is preferably between about 20:1 to about 500:1, more 
preferably between about 50: 1 to about 250: 1 , and, most preferably between about 1 00: 1 to about 200: 1 . The weight 
ratio of side draw stream via line 102 to overhead distillate enriched in low boilers via line 118 is preferably between 
about 20:1 to about 500:1, more preferably between about 50:1 to about 250:1, and, most preferably between about 
100:1 to about 200:1. 

[0074] In yet another embodiment, an overhead distillate is withdrawn via line 11 8 to purge middle boiling materials 
from the system and a product stream exits the column via line 114. No side draw stream is removed via line 102. The 
weight ratio of reflux via line 112 to product stream via line 114 is preferably between about 0.1:1 to about 3.1, more 
preferably between about 0.1:1 to about 1.1:1, and, most preferably between about 0.2:1 to about 0.5:1. The weight 
ratio of product stream via line 114 to overhead distillate via line 118 is preferably between about 20:1 to about 500:1 , 
more preferably between about 50:1 to about 250:1 , and, most preferably between about 100:1 to about 200: 1 . 
[0075] The continuous refiner 96 can include a splitter 122 for removing a upper side draw stream via line 124. An 
upper side draw stream is removed from a stage at which the temperature is not more than 10°C lower than the 
temperature at the stage at which the side draw stream is withdrawn. Removal of an upper side draw stream improves 
maleic anhydride throughput and reduces the cycle time for the purification process. The weight ratio of the upper side 
draw stream removed from the column to the remaining liquid travelling down the column from the stage at which the 
upper side draw stream is removed is preferably between about 1 :300 and about 1 :20, more preferably between about 
1 :250 and about 1 :50, and, most preferably, between about 1 :200 and about 1 : 100. 

[0076] Heavy ends materials having a higher boiling point than maleic anhydride are continuously removed from the 
refiner 96 via line 126. 

[0077] The refined product withdrawn from the batch refiner 42 or the continuous refiner 96 is then treated with a 
stabilizer to provide a color stabilized maleic anhydride product. Conventional color stabilizers can be incorporated in 
the refined product, such as organic compounds with labile halogens and alkyl metal halides as described in U S 
Patent Nos. 3,903,11 7 and 3,775,436. The refined product has an HTH Hazen color of less than about 100, preferably 
less than about 50, and, more preferably, between about 1 5 and about 30. For purposes of the present invention, HTH 
Hazen color is determined by heating the maleic anhydride product at 180°C for one hour and then measuring the 
color on the APHA scale. 

[0078] In another embodiment of the present invention, the distillation of maleic anhydride is enhanced by treating 
crude maleic anhydride exiting the stripper column 34 with a sparge gas containing an inert gas and up to 5 mol.% 
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oxygen, in order to purge low boiling materials and noncondensables from the crude maleic anhydride into the vapor 
within the column. It is believed that oxygen within a sparge gas oxidizes components that otherwise contribute to color 
formation and converts alcohol and aldehyde noncondensables to condensable acids. The oxygen concentration within 
the sparge gas does not exceed 5 mol.% to insure that the sparge gas is inflammable. The inert gas is selected from 
5 the group consisting of nitrogen, helium and argon. Preferably, the sparge gas comprises between about 95 mol.% 
and about 99 mol.% inert gas and between about 1 mol.% and about 5 mol.% oxygen. 

[0079] In the batch distillation process illustrated in FIG. 1, crude maleic anhydride exits the stripper column 34 via 
line 40 and Is introduced into still pot 44. The sparge gas is fed via line 128 into the incoming crude maleic anhydride 
feed, via line 1 30 directly into the still pot 44 above the surface of the crude maleic anhydride, via line 1 32 directly into 
10 the still pot below the surface of the crude maleic anhydride, or via line 134 directly into a lower stage of the refiner 
42. Preferably, the sparge gas is introduced below the surface of the crude maleic anhydride within the still pot if the 
sparge gas contains oxygen. The ratio of millimoles of oxygen in the cumulative gas flow during distillation to moles 
of crude maleic anhydride initially charged to the refiner 42 is about 1 .5:1 to about 1 : 1 .7. 

[0080] In the continuous distillation process illustrated in FIG. 2, crude maleic anhydride exits the stripper column 
is 34 via line 40 and is introduced into the top of the low boiler stripper 74. The sparge gas is fed via line 1 36 into the 
incoming crude maleic anhydride feed to the stripper 74, and/or via line 138 into the partially purified maleic anhydride 
stream introduced via line 94 into the continuous refiner 96. The ratio of millimoles of oxygen in the feed to the stripper 
74 or the continuous refiner 96 to moles of crude maleic anhydride in the feed to the stripper 74 or refiner 96 is about 
3.5:1 to about 1:2. 

20 [0081] The sparge gas is typically continuously added to the batch refiner or continuous fractionating column at a 
fixed rate throughout the fractionation. The sparge gas, however, can be introduced into the crude maleic anhydride 
before fractionation. The sparge can then be terminated before fractionation begins or can continue during fractionation. 
[0082] The present invention is illustrated by the following examples which are merely for the purpose of illustration 
and are not to be regarded as limiting the scope of the invention or manner in which it may be practiced. 

25 

EXAMPLE 1 

[0083] Crude maleic anhydride (3500 g) was fed to the still pot of a batch distillation column (hereinafter column A) 
comprised of a 20 tray Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic 

30 anhydride refined product, and a 5 tray Oldershaw column above the liquid dividing distillation splitter. 

[0084] Overhead vapor was removed from the top of column A and condensed. A swinging bucket reflux splitter was 
used to remove a portion of the overhead vapor condensate as first forecut and to return the remainder of the overhead 
vapor condensate to column A as reflux. The first forecut removed from the column was 70 ml. The ratio of overhead 
vapor condensate returned as reflux to first forecut removed from column A was 10:1. Column A was operated at a 

35 still pot temperature of about 1 70°C and a head pressure of about 285 mm Hg during forecut removal. An 80 ml second 
forecut was simultaneously withdrawn from the liquid dividing distillation splitter. The ratio of second forecut removed 
from column A to remaining liquid travelling down column A from the stage at which the second forecut is removed 
was 1:10. 

[0085] Crude maleic anhydride (3500 g) was fed to the still pot of a batch distillation column (hereinafter column B) 
40 comprised of a 20 tray Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic 
anhydride heartcut, and a 5 tray Oldershaw column above the liquid dividing distillation splitter. Vapor from the top of 
the column was condensed and the condensate was returned to the column as reflux. Column B was operated at a 
still pot temperature of about 170°C and a head pressure of about 285 mm Hg. A nitrogen sparge was introduced into 
the still pot above the crude maleic anhydride at a rate of 0.6 mm nitrogen per mole of maleic anhydride. A 150 ml 
45 forecut was removed from the liquid dividing distillation splitter. The ratio of forecut removed from column B to remaining 
liquid travelling down column B from the stage at which the forecut is removed was 1:10. 

[0086] Crude maleic anhydride (3500 g) was fed to the still pot of a batch distillation column (hereinafter column C) 
comprised of a 25 tray Oldershaw column below a 5 tray Oldershaw column. A 150 ml overhead vapor was removed 
from the top of column C and condensed. A swinging bucket reflux splitter was used to remove a portion of the overhead 
so vapor condensate as first forecut and to return the remainder of the overhead vapor condensate to column C as reflux. 
The first forecut removed from the column was 150 ml. The ratio of overhead vapor condensate returned as reflux to 
forecut removed from column C was 10:2. Column C was operated at a still pot temperature of about 170°C and a 
head pressure of about 285 mm Hg during forecut removal. 

[0087] The total impurities in the forecut samples were analyzed by capillary gas chromatography (GLPC). The total 
S5 impurities for each forecut are reported below in Table 1 : 
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TABLE 1 





Column A 


Column B 


Column C 


First Forecut 


575 ppm 


804 ppm 


324 ppm 


Second Forecut 


1813 ppm 







[0088] Column A removed 1 .5 to 4 times the amount of impurities in the same forecut volume removed in columns 
B and C. The same source of crude maleic anhydride was used in columns A and B. The total impurities in the crude 
maleic anhydride fed to column C were found to be virtually identical to that fed to columns A and B. Therefore, the 
difference in the impurity levels is attributed to column configuration. 

EXAMPLE 2 

[0089] After removal of the forecut in column A, the still pot temperature and head pressure were reduced to 140°C 
and 85 mm Hg, respectively. Eight 300 ml samples of heartcut were then withdrawn from the liquid dividing distillation 
splitter. The ratio of heartcut removed from column A to remaining liquid travelling down column A from the stage at 
which the heartcut is removed was 3: 1 . 

[0090] During removal of the first three heartcut samples, a 33.3 ml overhead vapor was removed from the top of 
column A and condensed. The swinging bucket reflux splitter was used to return a portion of the overhead vapor 
condensate to column A as reflux. The remainder of the overhead vapor condensate was removed as an overhead 
distillate. The ratio of overhead vapor condensate returned as reflux to overhead distillate removed from column A was 
12:1. The total impurities in the combined overhead vapor (100 ml) were 235 ppm. 

[0091] After removal of the forecut in column B, the still pot temperature and head pressure were reduced to 1 40°C 
and 85 mm Hg, respectively. Eight 300 ml samples of heartcut were then withdrawn from the liquid dividing distillation 
splitter. The ratio of heartcut removed from column B to remaining liquid travelling down column B from the stage at 
which the heartcut is removed was 3:1 . No overhead vapor was taken from column B. 

[0092] The total impurities and color stability of each heartcut sample are reported in Table 2 below. HT2 color stability 
testing was conducted by heating the sample to 1 40°C for two hours. A more severe heat test, known as HTH testing, 
was completed by heating the sample to 180°C for one hour. Color stability was measured using color comparator 
tubes (CPT) in which visual comparisons were made against an equal volume of a Pt-Co standard solution. Lovibond 
Colorscan PFX-990 instrument values (LVB) were determined as an alternative measure of color stability. 



TABLE 2 



Heartcut 
sample 1 


Total 
Impurities 
(ppm) 


HT2-CPT 
(Hazen Color) 


HT2-LVB 
(Hazen Color) 


HTH-CPT 
(Hazen Color) 


HTH-LVB 
(Hazen Color) 


1A 


54 


20 


16 


140 


113 


1B 


124 


24 


23 


350 


218 


2A 


41 


18 


11 


190 


137 


2B 


86 


20 


17 


350 


199 


3A 


50 


16 


10 


100 


80 


3B 


59 


18 


12 


130 


98 


4A 


52 


12 


10 


200 


143 


4B 


54 


20 


15 


300 


174 


| 5A 


52 


12 


10 


60 


51 


5B 


29 


14 


9 


350 


199 


6A 


41 


14 


12 


130 


92 


6B 


65 


14 


8 


140 


104 


7A 

1 A 


64 


18 


15 


80 


64 [ 



A designates column A sample and B designates column B sample 
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TABLE 2 (continued) 



Heartcut 
sample 1 


Total 
Impurities 
(ppm) 


HT2-CPT 
(Hazen Color) 


HT2-LVB 
(Hazen Color) 


HTH-CPT 
(Hazen Color) 


HTH-LVB 
(Hazen Color) 


7B 


75 


14 


8 


210 


142 


8A2 












I 86 


106 


16 


9 


300 


185 



A designates column A sample and B designates column B sample 



Mechanical problem caused loss of the sample. 



[0093] Column A provided heartcut having enhanced color stability especially as measured in terms of HTH Hazen 
color, the more severe test for heat stability. 

[0094] Samples 6 to 8 typically include more high-boiling, color-forming material resulting in higher HT2 Hazen color 
for these samples. 



EXAMPLE 3 



[0095] Crude maleic anhydride (2000 g) was fed to the still pot of a batch distillation column comprised of a 20 tray 
Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic anhydride heartcut, 
and a 5 tray Oldershaw column above the liquid dividing distillation splitter. 

[0096] A first run was made by removing both forecut and overhead distillate fractions from the column, hereinafter 
referred to as "forecut/overhead distillate run." Overhead vapor was removed from the top of the distillation column 
and condensed. An 80 ml condensate stream was removed from the column as forecut. The volume of forecut removed 
constituted 5% of the volume of the crude maleic anhydride introduced into the column. None of the overhead vapor 
condensate was returned to the column as reflux. The column was operated at a still pot temperature of about 170°C 
and a head pressure of about 285 mm Hg during forecut removal. After removal of the forecut, the temperature and 
pressure were reduced to 140°C and 85 mm Hg. Eight 150 ml samples of heartcut were then withdrawn from the liquid 
dividing distillation splitter. The ratio of heartcut removed from the column to remaining liquid travelling down the column 
from the stage at which the heartcut is removed was 3:1. During removal of the first five heartcut samples, a 100 ml 
overhead vapor was removed from the top of the column and condensed. The swinging bucket reflux splitter was used 
to return a portion of the overhead vapor condensate to the column as reflux. The remainder of the overhead vapor 
condensate was removed as an overhead distillate. The ratio of overhead vapor condensate returned as reflux to 
overhead distillate removed from the column was 10:1. The heartcuts were combined, stabilized, and analyzed for 
HT2 and HTH color stability using a Lovibond Colorscan. The heartcut composite had an HT2 Hazen color of 8 and 
an HTH Hazen color of 88. 

[0097] A comparative run was made in which a larger volume of forecut is removed from the column without any 
overhead distillate removal, hereinafter referred to as an "extended forecut run." Overhead vapor was removed from 
the top of the distillation column and condensed. A 1 80 ml condensate stream was removed from the column as forecut. 
The forecut volume in the comparative run is equal to the combined volume of the forecut and overhead distillate 
fractions removed in the forecut/overhead distillate run described above. None of the overhead vapor condensate was 
returned to the column as reflux. The column was operated at a still pot temperature of about 170°C and a head 
pressure of about 285 mm Hg during forecut removal. After removal of the forecut, the temperature and pressure were 
reduced to 140°C and 85 mm Hg. Eight 150 ml samples of heartcut were then withdrawn from the liquid dividing 
distillation splitter. No overhead distillate fractions were taken. The heartcuts were combined, stabilized, and analyzed 
for HT2 and HTH color stability using Colorscan. The heartcut composite had an HT2 Hazen color of 9 and an HTH 
Hazen color of 160. 

[0098] In order to determine the extent of run-to-run variation, eight additional runs were made, alternating the forecut/ 
overhead distillate run and the extended forecut run as described above. The results are tabulated below in Table 3: 



TABLE 3 



Run Type 


HT2 (Hazen Color) 


HTH (Hazen Color) 


Forecut/overhead distillate 


15 


30 


Extended forecut 


16 


32 
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TABLE 3 (continued) 



Run Type 


HT2 (Hazen Color) 


HTH (Hazen Color) 


rorecui/ovemeaO aisuiiaie 




20 


Extended forecut 


12 


70 


Forecut/overhead distillate 


19 


34 


Extended forecut 


11 


33 


Forecut/overhead distillate 


12 


44 


Extended forecut 


10 


29 



[0099] The Hazen color of the samples is similar because the crude maleic anhydride contained only a small amount 
of impurities that decompose to form color formers. Crude maleic anhydride typically contains more of these impurities. 
Heartcut from typical crude maleic anhydride will exhibit improved color when a forecut and an overhead distillate are 
removed as compared to the color of heartcut when an extended forecut is removed. This improved color is illustrated 
in the first comparative runs of this example. 

EXAMPLE 4 

[0100] Crude maleic anhydride (2000 g) was fed to the still pot of a batch distillation column comprised of a 20 tray 
Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic anhydride heartcut, 
and a 5 tray Oldershaw column above the liquid dividing distillation splitter. 

[0101] An overhead vapor was removed from the top of the distillation column and condensed. A swinging bucket 
reflux splitter was used to return a portion of the overhead vapor condensate to the column as reflux. The ratio of 
overhead vapor condensate returned as reflux to first forecut removed from the column ranged between 15:1 and 1: 
1.8. A second forecut was removed from the liquid dividing distillation splitter during removal of the first forecut. The 
ratio of second forecut removed from the column to remaining liquid travelling down the column from the stage at which 
the second forecut is removed was between 1 .7:1 and 1.15. The total forecut volume was between 40 ml and 21 5 ml. 
The column was operated at a still pot temperature of about 170°C and a head pressure of about 285 mm Hg during 
forecut removal. 

[0102] After removal of the forecut, the temperature and pressure were reduced to 140°C and 85 mm Hg. Eight 150 
ml samples of heartcut were then withdrawn from the liquid dividing distillation splitter. The ratio of heartcut removed 
from the column to remaining liquid travelling down the column from the stage at which the heartcut is removed was 
between 3:1 and 1:5. During removal of the first 2 to 4 heartcut samples, an overhead vapor was removed from the 
top of the column and condensed. The swinging bucket reflux splitter was used to return a portion of the overhead 
vapor condensate to the column as reflux. The remainder of the overhead vapor condensate was removed as an 
overhead distillate. The ratio of overhead vapor condensate returned as reflux to overhead distillate removed from the 
column during heartcut removal was between 20:1 and 2.7:1. The total volume of overhead distillate removed was 
between 40 ml and 110 ml. The heartcut fractions were combined, heated to 180°C for one hour, and analyzed using 
Colorscan measurement to determine HTH Hazen color. The results of the study are shown in Table 4. 
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TABLE 4 



5 



70 



75 



20 



25 



30 



Run No. 


FC/LS 1 


FC/US 2 


HC/LS 3 


HC/US 4 


Total 

Volume of 

Forecut 

Taken 

During 

Forecut 

oxep irni/ 


Total 

Volume of 

Overhead 

Distillate 

Taken 

During 

ncailCUl 

Step (ml) 


HTH Hazen 
Color 


1 


1:1 


1:1 


1:5 


5:1 


200 


100 


191 I 


2 


15:1 


1:1 


1:5 


20:1 ; 


200 


50 


225 | 


3 


1:1 


15:1 


1:5 


20:1 


50 


100 


245 | 


4 


15:1 


15:1 


1:5 


5:1 


50 


50 


288 y 


5 


1:1 


1:1 


2:1 


20:1 


50 


50 


203 Q 


6 


15:1 


1:1 


2:1 


5:1 


50 


100 


80 | 


7 


1:1 


15:1 


2:1 


5:1 


200 


50 


79 


8 


15:1 


15:1 


2:1 


20:1 


200 


100 


177 J 


9 


3:3.5 


4:1 


3:1 


4:1 


40 


110 


200 | 


10 


3:3.5 


3:3.5 


3:1 


12:1 


190 


110 


91 


11 


4:1 


3:3.5 


3:1 


4:1 


190 


60 


21 


12 


1:1.7 


1:1.3 


2:1 


6:1 


155 


90 


18 


13 


1:1.7 


1:1.3 


2:1 


6:1 


155 


90 


23 


14 


1:1.6 


1:1.8 


2.8:1 


3:1 


215 


65 


50 


15 


1.5:1 


1:1 


1:1.6 


2.7:1 


160 


40 


26 | 


16 


1.3:1 


1.2:1 


1.4:1 


4:1 


140 


75 


29 I 



1 Forecut Step/Lower Splitter: Ratio of remaining liquid travelling down the column from the stage at which the second forecut is removed to second 
forecut removed from the column 

2 Forecut Step/Upper Splitter: Ratio of overhead 25 vapor condensate returned as reflux to first forecut removed from the column 

3 Hoartcut Step/Lower Splitter: Ratio of remaining liquid travelling down the column from the stage at which the heartcut is removed to heartcut 

30 removed from the column 

4 Heartcut Step/Upper Splitter: Ratio of overhead vapor condensate returned as reflux to overhead distillate removed from the column during 
heartcut removal 

[0103] The maleic anhydride heartcut of runs 11-16 exhibited a preferred HTH Hazen color not greater than 50, and 

the heartcut of runs 6, 7 and 10 exhibited a satisfactory HTH Hazen color less than 100. 

[0104] In view of the above, it will be seen that the several objects of the invention are achieved. 

[0105] As various changes could be made in the above-described invention without departing from its scope, it is 

intended that all matter contained in the above description be interpreted as illustrative and not in a limiting sense. 



Claims 

50 1. A process for the purification and color stabilization of crude maleic anhydride by distillation in a batch distillation 
column, the process comprising: 

heating crude maleic anhydride; 

removing a first forecut comprised of maleic anhydride and low boiling materials, said low boiling materials 
55 having a boiling point between about 45°C and about 1 55°C at a pressure of 760 mm Hg; 

removing an overhead vapor after removal of the first forecut to remove low and middle boiling materials 
generated during the distillation, the overhead vapor being comprised of middle boiling materials including 
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maleic anhydride, said middle boiling materials having a boiling point between about 160°C and about 285°C 
at a pressure of 760 mm Hg; 

condensing at least a portion of the overhead vapor to an overhead vapor condensate; 

directing at least a portion of the overhead vapor condensate to the column as reflux; and 

withdrawing a heartcut comprising maleic anhydride from a stage below that at which the first forecut and the 

overhead vapor are removed, wherein the heartcut is withdrawn during removal of the overhead vapor. 

The process of claim 1 including the step of removing the overhead vapor condensate that is not directed to the 
column as reflux as an overhead distillate at a reflux to overhead distillate weight ratio between about 144:1 and 
about 2:1. 

The process of claim 1 wherein during removal of the first forecut, a second forecut is removed from a stage which, 
during removal thereof, is at a temperature not more than 1 0°C lower than the temperature at the stage from which 
the heartcut is subsequently removed. 

The process of claim 1 wherein the heartcut contains at least 99.5 wt.% maleic anhydride, not more than 10 ppm 
acrylic acid and not more than about 0.02 wt.% maleic acid. 

A process for the purification and color stabilization of crude maleic anhydride by continuous distillation, the process 
comprising: 

introducing crude maleic anhydride in a stripper column; 
removing an overhead stream from the stripper column; 
removing a bottoms stream from the stripper column; 
introducing the bottoms stream into a refining column; 

removing an overhead vapor from the refining column to remove low and middle boiling materials generated 
during the distillation, the overhead vapor being comprised of middle boiling materials including maleic anhy- 
dride and having a boiling point between about 160 8 C and about 285°C at a pressure of 760 mm Hg; 
condensing a portion of the overhead vapor to an overhead condensate; 
directing at least a portion of the overhead condensate to the refining column as reflux; and 
withdrawing a side draw stream comprising at least 99.90 wt.% maleic anhydride from the refining column 
during removal of the overhead vapor. 

The process of claim 5 wherein the overhead condensate is entirely directed to the refining column as reflux, and 
a second side draw stream is withdrawn from a stage of the refining column between the top of the refining column 
and the center stage. 

The process of claim 5 including the steps of condensing at least a portion of the overhead stream to a second 
overhead condensate, and directing at least a portion of the second overhead condensate to the stripper column 
as reflux, wherein the weight ratio of the reflux to the second overhead condensate not returned as reflux is between 
about 100:1 and about 1:1. 

A process for the purification and color stabilization of crude maleic anhydride by continuous distillation, the process 
comprising: 

heating crude maleic anhydride in a stripper column; 
removing an overhead stream from the stripper column; 
removing a bottoms stream from the stripper column; 
introducing the bottoms stream into a refining column; 

removing an overhead vapor from the refining column to remove low and middle boiling materials generated 
during the distillation, the overhead vapor being comprised of middle boiling materials including maleic anhy- 
dride and having a boiling point between about 160°C and about 285°C at a pressure of 760 mm Hg; 
condensing a portion of the overhead vapor to an overhead condensate; 
directing a portion of the overhead condensate to the refining column as reflux; 

removing the overhead condensate that is not directed to the refining column as reflux as an overhead distillate 
at a reflux to overhead distillate weight ratio between about 20:1 and about 500:1 ; and 
withdrawing a side draw stream comprising at least 99.5 wt.% maleic anhydride from the refining column during 
removal of the overhead vapor. 



16 



EP 0 928 782 A2 

9. A process for the purification of crude maleic anhydride by distillation, the process comprising: treating the crude 
maleic anhydride with a gas containing an inert gas and, optionally, oxygen, such that noncondensablesare purged 
from the crude maleic anhydride when the ratio of millimoles of oxygen in the cumulative gas flow during distillation 
to moles of crude maleic anhydride initially charged to the column is up to about 3.5:1 . 

10. A process for the purification of crude maleic anhydride by distillation, the process comprising: treating the crude 
maleic anhydride with a gas containing an inert gas and up to 5 mol.% oxygen such that noncondensables are 
purged from the crude maleic anhydride. 
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Description 

[0001 ] The present invention relates to the purification of maleic anhydride recovered from a gaseous reaction mixture 
produced by the catalyzed partial oxidation of a hydrocarbon. More particularly, the present invention is directed to 
processes and apparatus for improving the purity and color stability of recovered maleic anhydride. 
[0002] Maleic anhydride is used alone or in combination with other acids in the manufacture of alkyd and polyester 
resins. It is also a versatile intermediate for chemical synthesis. 

[0003] Maleic anhydride is prepared commercially by contacting a feed gas comprising molecular oxygen and a 
suitable hydrocarbon (e.g., n-butane or butene) with a vanadium-phosphorus-oxygen fixed-bed catalyst. The hydro- 
carbon is partially oxidized as it passes through a tubular reactor containing the fixed bed catalyst. The reaction product 
gas that is produced contains maleic anhydride together with oxidation by-products such as carbon monoxide, carbon 
dioxide, water vapor, acrylic and acetic acids and other by-products, along with inert gases present in air when air is 
used as the source of molecular oxygen. 

[0004] The prior art discloses a number of methods for isolating and recovering maleic anhydride from the reaction 
product gas. The preferred method of recovery involves selectively absorbing maleic anhydride in a suitable solvent 
and then stripping the maleic anhydride from the resulting absorption liquor to obtain a crude maleic anhydride product 
as described in copending U.S. patent application serial no. 08/406,674. In the process, the reaction product gas exits 
the reactor and is cooled to a temperature above the dew point of the water in the reaction product gas in a heat 
exchanger. The cooled product gas exiting the heat exchanger is introduced into an absorber column in which the gas 
is contacted with a lean maleic anhydride-absorbing solvent. The gas and solvent come into contact in an absorption 
zone containing either packing material or trays for promoting gas/liquid contact. Maleic anhydride is absorbed in the 
solvent along with a portion of the oxidation by-products (e.g., carbon monoxide, carbon dioxide, water, acrylic acid, 
acetic acid and polymeric tars). The remaining oxidation by-products and inert gases in the product gas pass from the 
system as an exhaust gas substantially free of maleic anhydride. The absorption liquor exits the absorber column and 
flows to a rich solvent surge tank. 

[0005] The absorption liquor from the surge tank is continuously stripped of maleic anhydride in a stripping column 
to recover crude maleic anhydride and regenerated absorbing solvent containing the absorbing solvent and contami- 
nants. In the stripper column, maleic anhydride and lower boiling materials of the absorption liquor (mostly water and 
acrylic acid) immediately vaporize. The vapor rises th rough the column, exits the top of the column and enters a stripper 
condenser in which the vapor is cooled to produce a condensate. All condensate formed in the stripper condenser is 
returned to the stripper column as reflux. A liquid side draw of crude maleic anhydride is continuously removed from 
the stripper column and forwarded to a maleic anhydride purification stage. 

[0006] Crude maleic anhydride recovered in a process as described above is generally treated by introducing the 
crude maleic anhydride into a batch distillation column. The batch distillation process consists of a forecut step followed 
by a heartcut step. In the forecut step, low boilers are removed at the top of the column and partially condensed. A 
portion of the condensate is returned to the column as reflux, and the remainder of the condensate is removed as a 
forecut. After removal of the forecut quantity, the heartcut step Is conducted. In the heartcut step, vapor removed from 
the top of the column is condensed to form a condensate. A portion of the condensate is recycled back to the top of 
the column as reflux. The remainder is withdrawn as purified maleic anhydride product. The color stability of the maleic 
anhydride product is improved by increasing the volume of forecut removed from the column. However, removal of a 
greater volume of forecut reduces the throughput and yield of maleic anhydride product per batch. 
[0007] U.S. Patent No. 3,865,849 describes a two stage purification method in which maleic acid in crude maleic 
anhydride is thermally decomposed into maleic anhydride and water in the first stage, a forerun composed predomi- 
nantly of water is separated in the first stage, and maleic anhydride is continuously distilled in the second stage. The 
first stage is carried out in a cascade with at least tworeactors in series and a common distillation column operated at 
200 mm Hg. Vapors from the reactors are directed to the base of the distillation column. Vapors containing water and 
low boiling impurities are removed from the top of the column and discharged after condensation as a forerun. After 
removal of the forerun, maleic anhydride vapors are removed from the top of the column, condensed and returned to 
the column. Maleic anhydride exiting the last reactor is continuously pumped to a distillation column operated at 60 
mm Hg. Vapors withdrawn from the top of the column are condensed. A portion of the condensate is refluxed to the 
top of the column, and the remainder is withdrawn as purified maleic anhydride. The bottoms residue contains 20 wt. 
% fumaric acid and high boiling resinous components and 80 wt.% maleic acid. The maleic acid is recovered by dis- 
tillation and recycled to the first reactor. 

[0008] U.S. Patent No. 3,939,1 83 describes distillation of crude maleic anhydride in a twenty tray distillation column 
operated at a pressure of about 50 torr and an overhead temperature of about 238° F, a forecut takeoff of 2.5-6% of 
charge, a heartcut takeoff of 75-85% of charge, and a 9:1 reflux ratio during heartcut takeoff. Improved color stability 
is obtained by contacting the crude maleic anhydride with a metal halide and phosphorus pentoxide or a perborate 
before distillation. 
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[0009] U.S. Patent No. 3,965,123 describes a batch or continuous process for recovering maleic anhydride of good 
color stability. Crude maleic anhydride from a receiving vessel is introduced into the top of a lights stripper. Vapor taken 
overhead is recycled to the receiving vessel. Maleic anhydride condenses in the receiving vessel and is returned to 
the lights stripper. Vapor in the receiving vessel, is partially condensed and light boiling materials, such as acetic acid 

5 and acrylic acid, are removed. The stripped maleic anhydride exits from the bottom of the stripper and is introduced 
into a twenty tray batch distillation column operating at 50 mm Hg and an overhead temperature of 238° F. The initial 
90 wt% of the material distilled overhead is taken as a product cut. Alternatively, the first 5 wt.% is taken as a forecut 
and the next 85 wt.% of the overhead stream is taken as a product cut. In another embodiment, the crude maleic 
anhydride from the receiving vessel is fed directly to the distillation column, a 5 wt.% forecut is taken, and the next 85 

io wt.% of the overhead stream is taken as product. When manganous chloride is then added to the product and the 
product is heated at 284°F for 24 hours, the maleic anhydride has a color of 1 0-50 Hazen. When manganous chloride 
is not added to the product, the maleic anhydride has the same or worse Hazen color than typical commercial maleic 
anhydride. 

[0010] U.S. Patent No. 4,260,546 describes a twenty tray batch distillation column whose trays have a separation 
15 efficiency of 50% at the conditions of 100 mm Hg absolute pressure, a 1% forecut takeoff and a 1 :1 reflux ratio during 
heartcut takeoff. 

[0011] U.S. Patent No. 4,921 ,977 describes a process for improving the color stability of maleic anhydride by treating 
crude maleic anhydride with a gas containing oxygen before or during continuous or batch distillation. Crude maleic 
anhydride is introduced to the tenth plate of a 50 plate fractionating column having an 80 mm diameter and operating 

20 at a head pressure of 100 mbar. Vapor removed from the head is condensed and 99% is recycled to the column as 
reflux. The remaining 1% is removed as product containing 99.98% maleic anhydride. Liquid maleic anhydride taken 
from the fortieth plate initially has a platinum-cobalt color of 5-1 0 which increased to 40-60 after two days in storage. 
When the process is repeated with air being introduced into the crude maleic anhydride fed to the column, the platinum- 
cobalt color remains at 5-1 0 after storage. 

25 [0012] U.S. Patent No. 4,961 ,827 describes a process for preparing purified maleic anhydride having good color 
stability. Crude maleic anhydride is fed to the eighteenth bubble cap tray of an 80 mm diameter column containing sixty 
bubble cap trays operated under a head pressure of 150 mbar. Vapor containing low boilers removed from the top of 
the column is condensed and 99.5% of the condensate is recycled to the column as reflux. The remaining 0.5% of the 
condensate is product containing 99.97 wt.% maleic anhydride. Vapor taken off from the fiftieth tray is composed of 

30 99.7 wt.% maleic anhydride and 0.3 wt.% citraconic anhydride. The vapor is passed to a condenser in which 2-10% 
of the gas is condensed as a precondensate. The remaining vapor is completely condensed downstream. The maleic 
anhydride has a color of less than 40 Hazen when heated at 140°C for two hours. The precondensate has a color 
greater than 200 Hazen. 

[0013] U.S. Patent No. 5,31 9,1 06 describes a maleic anhydride purification process in which crude maleic anhydride 
35 is fed from a stripper to a light ends distillation column. A polymerization inhibitor is fed to the top of the column to 
inhibit polymerization of acrylic acid. Acrylic and acetic acids are distilled overhead and vented. The bottoms from the 
stripper are introduced into a product distillation column wherein a vapor is distilled off overhead and condensed to 
form a condensate. The noncondensables are vented, and the condensate is the maleic anhydride product. The bot- 
toms from the column, which contain heavy ends, the polymerization inhibitor and organic solvent, are recycled to the 
40 stripper. 

[0014] British Patent No. 1 ,291 ,354 describes purification of crude maleic anhydride by feeding the crude to the 
fifteenth tray of a distillation column having twenty trays operating at a pressure of 70 mm Hg. Purified maleic anhydride 
is removed as a vapor above the fifteenth tray. A forecut of about 0.5% of the crude is withdrawn at the top of the column. 
[0015] European Patent Application No. 612,714 describes a continuous maleic anhydride purification process in 

^5 which crude maleic anhydride is introduced into a first fractionating column wherein light boiling impurities are removed 
as an overhead vapor and liquid maleic anhydride is removed from the bottom of the column and directed to the center 
stage of a second fractionating column. The overhead vapor is partially condensed and the maleic anhydride conden- 
sate is totally recycled to the column. The uncondensed vapor containing maleic anhydride, water and coloring sub- 
stances is partially condensed in a second condenser and the condensate is recycled upstream to the absorption tower 

so or the first fractionating column. Purified maleic anhydride containing less than 0.01% acrylic acid and less than 0.05% 
maleic acid is recovered from a stage above the center stage of the column. 

SUMMARY OF THE INVENTION 

55 [0016] Among the objects of the present invention, therefore, are the provision of an improved process for the puri- 
fication and recovery of maleic anhydride in which maleic anhydride is efficiently recovered by distillation; the provision 
of an improved process for the purification and recovery of maleic anhydride in which color precursors are separated 
from maleic an hydride to improve the color stabi lity, purity and yield of the maleic anhydride; the provision of an improved 
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process for the purification and recovery of maleic anhydride in which maleic anhydride throughput is improved and 
cycie time is reduced; the provision of an improved process for the purification and recovery of maleic anhydride which 
reduces the build-up of polymeric tars in the still pot of a batch distillation column; and the provision of an improved 
process for the purification and recovery of maleic anhydride which removes low and middle boiling materials and other 

5 impurities generated by decomposition of crude maleic anhydride during distillation. 

[0017] Briefly, therefore, the present invention is directed to a process for the purification and color stabilization of 
crude maleic anhydride by distillation in a batch distillation column. The process includes heating crude maleic anhy- 
dride, removing a first forecut comprised of maleic anhydride and low boiling materials, removing an overhead vapor 
after removal of the first forecut, condensing at least a portion of the overhead vapor to an overhead condensate, 

10 directing at least a portion of the overhead condensate to the column as reflux, and withdrawing a heartcut comprising 
maleic anhydride from a stage below that at which the first forecut and the overhead vapor are removed. The low 
boiling materials have a boiling point between about 45°C and about 1 55°C at a pressure of 760 mm Hg. The overhead 
vapor is comprised of middle boiling materials including maleic anhydride, and the middle boiling materials have a 
boiling point between about 160°C and about 285°C at a pressure of 760 mm Hg. The heartcut is withdrawn during 

15 removal of the overhead vapor. 

[0018] Another embodiment of the invention is directed to a process for the purification and color stabilization of 
crude maleic anhydride by continuous distillation. The process includes introducing crude maleic anhydride in a stripper 
column, removing an overhead stream from the stripper column, removing a bottoms stream from the stripper column, 
introducing the bottoms stream into a refining column, removing an overhead vapor from the refining column, condens- 

20 ing a portion of the overhead vapor to an overhead condensate, directing at least a portion of the overhead condensate 
to the refining column as reflux, and withdrawing a side draw stream comprising at least 99.90 wt.% maleic anhydride 
from the refining column during removal of the overhead vapor. The overhead vapor is comprised of middle boiling 
materials including maleic anhydride and has a boiling point between about 160°C and about 285°C at a pressure of 
760 mm Hg. 

25 [0019] The present invention is also directed to a process for the purification and color stabilization of crude maleic 
anhydride by continuous distillation. The process includes heating crude maleic anhydride in a stripper column, re- 
moving an overhead stream from the stripper column, removing a bottoms stream from the stripper column, introducing 
the bottoms stream into a refining column, removing an overhead vapor from the refining column, condensing a portion 
of the overhead vapor to an overhead condensate, directing a portion of the overhead condensate to the refining column 

30 as reflux, removing the overhead condensate that is not directed to the refining column as reflux as an overhead 
distillate at a reflux to overhead distillate weight ratio between about 20:1 and about 500:1 ; and withdrawing a side 
draw stream comprising at least 99.5 wt.% maleic anhydride from the refining column during removal of the overhead 
vapor. The overhead vapor is comprised of middle boiling materials including maleic anhydride and has a boiling point 
between about 1 60°C and about 285°C at a pressure of 760 mm Hg. 

35 [0020] Yet another embodiment of the invention is directed to a process for the purification of crude maleic anhydride 
by distillation including treating the crude maleic anhydride with a gas containing an inert gas and, optionally, oxygen, 
such that noncondensables are purged from the crude maleic anhydride when the ratio of millimoles of oxygen in the 
cumulative gas flow during distillation to moles of crude maleic anhydride initially charged to the column is up to about 
3.5:1. 

40 [0021] Another embodiment of the invention is directed to a process for the purification of crude maleic anhydride 
by distillation including treating the crude maleic anhydride with a gas containing an inert gas and up to 5 mol.% oxygen 
such that noncondensables are purged from the crude maleic anhydride. 

[0022] Other objects and features of this invention will be in part apparent and in part pointed out hereinafter. 
45 BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 



FIG. 1 is a schematic diagram of a process and apparatus for the purification and recovery of maleic anhydride 
50 via batch distillation in accordance with the present invention; and 

FIG. 2 is a schematic diagram of a process and apparatus for the purification and recovery of maleic anhydride 
via continuous distillation in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 " " 

[0024] In accordance with the present invention, a process for the purification and color stabilization of crude maleic 
anhydride is provided in which maleic anhydride is separated from low boiling and middle boiling materials by distillation. 
Low boiling and middle boiling materials and other impurities are present in crude maleic anhydride feed and are also 
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generated as the result of chemical decomposition and other chemical transformations of the maleic anhydride during 
distillation. Middle boiling materials, such as alcohols, aldehydes and vinyl ethers, are generally difficult to separate 
from maleic anhydride and are believed to impair the color stability of maleic anhydride at concentrations of about 10 
ppm or more. It has been discovered that separation is enhanced by removing a f orecut comprised of maleic anhydride 

5 and low boiling materials from the upper portion of the column and subsequently removing a refined product comprised 
of maleic anhydride from a stage above the center stage of the column while an overhead vapor comprised of middle 
boiling materials including maleic anhydride is removed from the upper portion of the column and partially condensed. 
At least a portion of the overhead vapor condensate is directed to the column as reflux to provide liquid for vapor/liquid 
contact within the column. The remainder of the overhead vapor condensate, if any, is removed as an overhead distillate 

w at a reflux to overhead distillate weight ratio between about 144:1 and about 2:1 . It has been found that removing the 
overhead vapor and returning middle boiling materials to the upper portion of the column at a reflux ratio in this range 
results in removal of middle boiling materials in the overhead distillate. The process removes low boiling and middle 
boiling materials and other impurities present in the maleic anhydride feed or generated during distillation, thereby 
providing a greater yield of refined product that constitutes high purity maleic anhydride exhibiting enhanced color 

is stability after stabilization. 

[0025] For the purposes of the present invention, low boiling materials have a boiling point between about 45°C and 
about 155°C at a pressure of 760 mm Hg, and middle boiling materials have a boiling point between about 160°C and 
about 285°C at a pressure of 760 mm Hg. A refined product is a product cut comprised of at least about 95.0 wt.% 
maleic anhydride, preferably at least 99.5 wt.%, and, more preferably, between about 99.90 wt.% and about 99.98 wt. 

20 %. The refined product is referred to as a heartcut in a batch distillation process and as a side draw stream in a 
continuous distillation process of the invention. A forecut or an overhead distillate enriched in low boilers is comprised 
of maleic anhydride and low boiling materials and is removed at a stage above that at which the heartcut or side draw 
stream is removed. An overhead distillate is a stream comprised of middle boiling materials including maleic anhydride 
that is removed at a stage above that at which the heartcut or side draw stream is removed. 

25 [0026] It has also been found that purification of crude maleic anhydride is improved by treating the crude maleic 
anhydride with a gas comprising an inert gas and up to 5 mol.% oxygen in order to purge low boiling materials and 
noncondensabies from the crude maleic . anhydride into the lower portion of the distillation column. Oxygen within the 
sparge gas is believed to oxidize color forming materials within the crude maleic anhydride resulting in improved color 
stability. 

30 [0027] A schematic diagram of the process and apparatus of the present invention is illustrated in FIG. 1 . The process 
includes the production of maleic anhydride, absorption of maleic anhydride in a solvent, and stripping maleic anhydride 
from the solvent as described in copending U.S. patent application serial no. 08/406,674. The maleic anhydride is then 
purified according to the present invention. 

[0028] In order to produce maleic anhydride, a feed gas mixture comprising molecular oxygen and a suitable hydro- 
ps carbon is introduced via line 10 into a reactor 12 containing an oxidation catalyst for the partial oxidation of the hydro- 
carbon to form maleic anhydride. The feed gas mixture is produced by mixing a gas containing molecular oxygen, 
preferably air, and a gaseous hydrocarbon feedstock. Typically, the hydrocarbon is admixed with the molecular oxygen- 
containing gas at a concentration of about 1 .5 mole percent to about 1 0 mole percent hydrocarbon. It is well known to 
those skilled in the art that a variety of hydrocarbons, such as n-butane, can be catalytically converted to maleic an- 
40 hydride. 

[0029] Hydrocarbons in the feed gas mixture are converted to maleic anhydride by contacting the feed gas mixture 
with a vanadium-phosphorus-oxygen catalyst at elevated temperatures in the reactor 12. A variety of reactor configu- 
rations can be used to produce a reaction product gas comprising maleic anhydride. Both fluidized bed reactors and 
fixed-tube, heat-exchanger type reactors are satisfactory. The details of the operation of these reactors are well known 

45 to those skilled in the art. 

[0030] The feed gas mixture flows through the reactor in which it contacts the vanadium-phosphorus-oxygen catalyst. 
Typically, the feed gas mixture is contacted with the catalyst at a space velocity of about 100 hr 1 to about 4,000 hr 1 
at a temperature from about 300°C to about 600°C, preferably about 1800 hr 1 and about 325°C to about 500°C, to 
provide an excellent yield of and selectivity to maleic anhydride. Pressure is not critical to the oxidation reaction. The 

so reaction may be conducted at atmospheric, superatmospheric, or subatmospheric pressures. For practical reasons, 
however, it will generally be preferred to conduct the reaction at or near atmospheric pressure. Generally, pressures 
from about 1 .013 x 10 2 kPa absolute (14.7 psia, 1 atm.) to about 3.10 x 10 2 kPa absolute (45.0 psia) may be employed. 
[0031] The reaction product gas typically contains about 0.5 to about 2 percent by volume maleic anhydride together 
with oxidation by-products such as carbon monoxide, carbon dioxide, water vapor, acrylic and acetic acids and other 

55 by-products, along with inert gases present in air when air is used as the source of molecular oxygen. It will be recog- 
nized by those skilled in the art that the type of maleic anhydride reactor, and the type and concentration of the hydro- 
carbon in the feed gas mixture will affect the concentrations of maleic anhydride and oxidation by-products in the 
reaction product gas withdrawn from the reactor. 
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[0032] The reaction product gas exits reactor 12 through line 14 and is directed to a heat exchanger 1 6 to cool the 
gas to a temperature preferably below about 200°C, but above the dew point of the water in the reaction product gas. 
If the product gas is cooled to a temperature below the dew point of water, maleic anhydride, or other components, 
these materials will accumulate on the walls of the equipment and obstruct gas flow. Generally, for a product gas 
containing about 1 volume percent maleic anhydride and about 1 0 volume percent water vapor, the product gas should 
be cooled to a temperature between about 60°C and about 200° C, preferably between about 1 00°C and about 1 50° C. 
[0033] The cooled product gas exiting heat exchanger 1 6 flows via a rich gas line 1 8 to an absorber column 20 while 
lean maleic anhydride-absorbing solvent from lean solvent storage tank 22 flows via lean solvent line 24 and is intro- 
duced nearthetop of the column. The reaction product gas andthe lean solvent flow countercurrently through absorber 
column 20. Suitable absorbing solvents, such as dibutyl phthalate, are well known in the art. 
[0034] The absorption zone of the absorber column 20 comprises packing material (e.g., saddles, rings etc.) for 
promoting gas/liquid contact and mass transfer of maleic anhydride and a portion of the oxidation by-products (e.g., 
carbon monoxide, carbon dioxide, water, acrylic and acetic acids and polymeric tars) from the gas phase to the liquid 
phase. Alternatively, the absorber column may comprise a tray column in which gas/liquid contact is effected on the 
trays. The gas phase containing remaining oxidation by-products and inert gases is released through a vent line 26 at 
the top of absorber column 20 as an exhaust gas substantially free of maleic anhydride. The absorption liquor exits 
from a point near the bottom of the absorber column 20 and flows to a rich solvent surge tank 28. 
[0035] In addition to absorbing solvent, maleic anhydride and oxidation by-products, the absorption liquor further 
comprises a variety of contaminants including maleic, fumaric and phthalic acids, polymeric tars, and phthalic anhydride 
that are generated in the absorption and stripping loop. Maleic acid is present as a result of the hydrolysis of maleic 
anhydride in the absorption liquor. Maleic acid subsequently isomerizes to produce fumaric acid. Phthalic anhydride 
is produced as a result of an ester exchange reaction between maleic anhydride and water and, when dibutyl phthalate 
is used as the absorbing solvent, is also produced as a result of hydrolysis or thermal decomposition of the solvent. 
Hydrolysis of phthalic anhydride produces phthalic acid in the absorption liquor. 

[0036] The absorption liquor from the absorber column 20 is continuously stripped of maleic anhydride in a stripping 
step to recover crude maleic anhydride and regenerated absorbing solvent comprising the absorbing solvent and con- 
taminants. As shown in FIG. 1 , the rich absorption liquor from surge tank 28 flows via line 30 to a stripper feed preheater 
32 where it is heated before being introduced above a stripping zone of a stripper column 34. The absorption liquor 
introduced into the stripper column 34 is preferably above the bubble point at the prevailing pressure within the column 
such that maleic anhydride and lower boiling components of the absorption liquor (mostly water and acrylic acid) im- 
mediately vaporize. The vapor rising through the stripper column 34 exits the top of the column and enters a stripper 
condenser 36 which cools the vapor to produce a condensate. Uncondensed components of the vapor exit the stripper 
condenser 36 via line 38. All the condensate formed in the stripper condenser 36 is returned to the stripper column 34 
as reflux and enters a rectifying zone of the stripper column. 

[0037] A liquid side draw of crude maleic anhydride is continuously removed from the rectifying zone of the stripper 
column 34 via a chimney tray liquid trap at line 40. The crude product is forwarded to a maleic anhydride purification 
stage. 

[0038] The liquid phase within the stripper column 34 flows downward from the column feed inlet through the stripping 
zone and circulates through a stripper reboiler. A portion of the liquid returning from the reboiler vaporizes and flows 
upward through the stripping zone. Stripper bottoms are pumped to an afterflasher for regeneration of solvent and 
further removal of maleic anhydride. A portion of the afterflasher condensate flows to rich solvent surge tank 28. Op- 
eration of the reactor, absorber column and stripping column is described in copending U.S. patent application 
08/406,674 which is incorporated herein by reference. 

[0039] Maleic anhydride removed from the stripper column 34 is then purified by batch or continuous distillation. 
When purification is batch-wise, crude maleic anhydride is directed via line 40 to a batch refiner 42 for purification as 
shown in FIG. 1 . Crude maleic anhydride is fed to a still pot 44 at the base of the batch refiner 42. The crude maleic 
anhydride is heated to a temperature between about 140°C and about 190°C, preferably between about 160°C and 
about 1 70°C, while the column is operated at a head pressure of about 1 85 to about 385 mm Hg, preferably from about 
200 mm Hg to about 280 mm Hg. At these operating conditions, materials within the crude maleic anhydride decompose 
in the still pot 44 throughout the distillation and form low boiling materials. As vapor rich in the low boiling materials 
forms in the still pot, the vapor enters the column where it is brought into countercurrent contact with a descending 
stream of boiling liquid. The refiner 42 contains a packing material (e.g., saddles, rings etc.) for promoting vapor/liquid 
contact and mass transfer of maleic anhydride from the vapor phase to the liquid phase. Alternatively, the batch refiner 
42 may comprise a tray column in which vapor/liquid contact is effected on perforated plates or trays. 
[0040] The batch refiner 42 generally has between about 10 and about 50 equilibrium stages. The heartcut is with- 
drawn from a stage that Is at least 8 equilibrium stages above the still pot 44. The refiner 42 generally includes between 
about 8 and about 48 equilibrium stages between the still pot 44 and a stage at which the heartcut is withdrawn, and 
between about 1 and about 20 equilibrium stages between the stage at which the heartcut is withdrawn and the top 
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of the column. The heartcut is typically withdrawn via line 46 from a reflux splitter 48 located above the center stage 
of the column. Preferably, the batch refiner includes between about 10 and about 30 equilibrium stages between the 
still pot 44 and the reflux splitter 48, and between about 1 and about 8 equilibrium stages between the reflux splitter 
48 and the top of the column. Although a refiner having more equilibrium stages will improve the selectivity and sep- 
5 aration of components of the crude maleic anhydride, the cost of additional stages may not be justified by the additional 
degree of resolution achieved. 

[0041] For purposes of the present invention, an equilibrium stage is a stage at which the vapor and liquid streams 
leaving the stage are in equilibrium with each other. An equilibrium stage in a plate column is known as a theoretical 
plate, while in a packed column it is known as a transfer unit. The actual stages in a column can be determined from 
io the number of equilibrium stages by well known methods. The number of actual stages in a plate column is determined 
by dividing the number of theoretical plates by a plate efficiency. The height of packing needed to accomplish a sep- 
aration in a packed column is determined by multiplying the number of transfer units (NTU) required times the height 
equivalent to one transfer unit (HTU). 

[0042] Vapor rising within the upper portion of the batch refiner 42 is removed via line 50 and partially condensed at 
is a temperature above the dew point of the water in the vapor in a condenser 52 to form a condensate. Initially, the 
condensate is directed to the refiner 42 as reflux via line 54. 

[0043] After start-up of the refiner 42, an overhead vapor is removed at a stage above the stage at which the heartcut 
is withdrawn to purge impurities having a lower boiling point than maleic anhydride from the system. The overhead 
vapor is comprised of low boiling materials, which have a boiling point between about 45°C and about 155°C at a 
20 pressure of 760 mm Hg, and maleic anhydride. Preferably, the overhead vapor is removed at or near the top of the 
column. In FIG. 1 , the overhead vapor is removed via line 50 from the top of the column. 

[0044] The overhead vapor partially condenses in a condenser 52 at a temperature above the dew point of the water 
in the vapor to form an overhead vapor condensate. The condensate separates from remaining vapor in a separator 
56. A reflux splitter 58 directs at least a portion of the overhead vapor condensate to the column as reflux via line 54, 
25 while the remainder of the overhead vapor condensate is removed as a first forecut via line 60. The weight ratio of 
reflux via line 54 to first forecut via line 60 is preferably between about 15:1 and about 1 :2, more preferably between 
about 8:1 and about 4:1 , and, most preferably, between about 6:1 and about 5:1 . 

[0045] The vapor leaving the separator 56 partially condenses in condenser 62 and is removed as a first forecut that 
is rich in low boilers via line 64. The first forecuts can then be recycled via lines 60 and 64 to the lean solvent storage 
30 tank 22 storing the lean maleic anhydride absorbing solvent to be fed to the absorber column 20, or to the surge tank 
28 storing the rich absorption liquor to be fed to the stripper column 34. 

[0046] After the forecut is removed from the batch refiner 42, the operating temperature and pressure of the column 
are reduced to between about 125°C and about 155°C, preferably between about 130°C and about 140°C, and about 
50 mm Hg to about 1 85 mm Hg, preferably between about 80 mm Hg and about 1 00 mm Hg. Operation of the column 
35 at a higher temperature and pressure would increase the rate of tar and polymer formation in the still pot 44 resulting 
from thermal decomposition of crude maleic anhydride heated for a prolonged period. Column operation at an even 
lower temperature may cause maleic anhydride to solidify in the condenser 52. 

[0047] After reducing temperature and pressure, a heartcut comprising maleic anhydride is withdrawn at a stage 
above the center stage of the batch refiner 42. A liquid stream leaving the column enters a product splitter 48 that 

40 directs a portion of the liquid stream to the column as reflux via line 66. The remainder of the liquid stream is removed 
via line 46 as heartcut. In an alternative embodiment, the heartcut is directly removed from the refiner 42 via line 46 
without being directed through an external product splitter 48 because the liquid stream is split internally. In either 
embodiment, the weight ratio of the heartcut withdrawn from the column to remaining liquid travelling down the column 
from the stage at which the heartcut is withdrawn is preferably between about 4:1 and about 1:4, more preferably 

45 between about 3:1 and about 1:1, and, most preferably, between about 2.5:1 and about 2:1 . 

[0048] As the heartcut is withdrawn from the refiner 42, an overhead vapor comprised of middle boiling materials, 
including maleic anhydride, having a boiling point between about 1 60°C and about 285°C at a pressure of 760 mm Hg 
is removed at a stage above that at which the heartcut is withdrawn. Preferably, the overhead vapor is withdrawn at 
or near the top of the refiner 42 via line 50. 

50 [0049] The overhead vapor is partially condensed in the condenser 52 to form an overhead vapor condensate. The 
condensate separates from remaining vapor in the separator 56. The reflux splitter 58 directs at least a portion of the 
overhead vapor condensate to the column as reflux via line 54, while the remainder of the overhead vapor condensate 
is removed as an overhead distillate via line 60. The weight ratio of reflux via line 54 to overhead distillate via line 60 
is preferably between about 300:1 to about 50:1 , more preferably between about 250:1 to about 75:1 , and, most pref- 

55 erably between about 200:1 to about 1 00:1 . 

[0050] The vapor leaving the separator 56 condenses in the condenser 62 and is removed as an overhead distillate 
enriched in low boilers via line 64. The overhead distillate streams can be recycled via lines 60 and 64 to the lean 
solvent storage tank 22 storing the lean maleic anhydride absorbing solvent to be fed to the absorber column 20, to 
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the surge tank 28 storing the rich absorption liquor to be fed to the stripper column 34, or via iine 68 to the crude maleic 
anhydride feed to the batch refiner 42. The overhead distillate via line 60 can also be used as maleic anhydride product 
if the overhead vapor condensate is of the desired purity and is heat stable. 

[0051] The volume of forecut plus overhead distillate removed from the column at line 60 is between about 1% and 
about 20% of the volume of crude maleic anhydride introduced into the still pot 44. Preferably, the volume of the forecut 
plus overhead distillate removed is between about 1 % and about 1 0%. If the volume of forecut plus overhead distillate 
removed is greater than 20%, the maleic anhydride yield may be adversely effected. 

[0052] The batch-wise process of the present invention serves to effectively separate middle boiling materials from 
maleic anhydride at the above-described reflux ratios to improve maleic an hydride yield and color stability. The heartcut 
contains at least about 95.0 wt.%.maleic anhydride, preferably at least about 99.5 wt.%, and, more preferably, between 
about 99.90 wt.% and about 99.98 wt.% maleic anhydride. The heartcut generally has a boiling point between about 
131 °C and about 133°C at a pressure of about 85 mm Hg. Deleterious impurities in the heartcut are minimized by the 
process of the invention. The heartcut contains not more than 10 ppm acrylic acid and not more than about 0.02 wt. 
% maleic acid. 

[0053] The overhead distillate streams via lines 60 and 64 can be removed during the entire period in which heartcut 
is withdrawn, or during a portion of the heartcut withdrawal period. Preferably, an overhead distillate is removed during 
the initial 50% of heartcut withdrawal. The overhead distillate via line 60 is more concentrated in middle boiling materials 
when the overhead distillate flow rate is low (i.e., at a high reflux ratio) or when the column has a large number of 
stages between the top of the column and the reflux splitter 48. Removal of an overhead distillate during the time that 
heartcut is being withdrawn reduces the cycle time required for the distillation and improves maleic anhydride yield 
and throughput. 

[0054] In a preferred embodiment, an overhead distillate enriched in low boilers is withdrawn via line 64 to purge 
middle boiling materials from the system and heartcut exits the column via line 46. The overhead vapor condensate 
leaving the separator 56 is entirely directed to the column as reflux. The weight ratio of reflux via line 54 to heartcut 
via line 46 is preferably between about 1.2:1 to about 4:1 , more preferably between about 1 .3:1 to about 3:1 , and, most 
preferably between about 1 .33:1 to about 2:1 . The weight ratio of heartcut via line 46 to overhead distillate enriched 
in low boilers via line 64 is preferably between about 35:1 to about 21 0:1 , more preferably between about 52:1 to about 
174:1 , and, most preferably between about 70:1 to about 140:1 . 

[0055] In another embodiment of the invention, overhead distillates are withdrawn via lines 60 and 64 to purge middle 
boiling materials from the system and heartcut exits the column via line 46. The weight ratio of reflux via line 54 to 
heartcut via line 46 is preferably between about 1 .2:1 to about 4:1 , more preferably between about 1 .3:1 to about 3:1 , 
and, most preferably between about 1 .33: 1 to about 2:1 . The weight ratio of heartcut via line 46 to overhead distillates 
via lines 60 and 64 is preferably between about 35:1 to about 210:1, more preferably between about 52:1 to about 
174:1 , and, most preferably between about 70:1 to about 140:1 . 

[0056] In yet another embodiment, an overhead distillate is withdrawn via line 64 to purge middle boiling materials 
from the system and heartcut exits the column via line 60. No heartcut is removed via line 46. The weight ratio of reflux 
via line 54 to heartcut via line 60 is preferably between about 0.2:1 to about 3:1 , more preferably between about 0.3: 
1 to about 2:1, and, most preferably between about 0.33:1 to about 1:1. The weight ratio of heartcut via line 60 to 
overhead distillate enriched in low boilers via line 64 is preferably between about 35:1 to about 210:1 , more preferably 
between about 52:1 to about 1 74:1 , and, most preferably between about 70:1 to about 140:1 . 
[0057] The batch refiner 42 can include a reflux splitter 70 for removing a second forecut via line 72 as a first forecut 
via line 60 is withdrawn . A second forecut is removed from the stage at which the heartcut is withdrawn, or from a stage 
at which the temperature is not more than 10°C lower than the temperature at the stage at which the heartcut is 
withdrawn. Removal of a second forecut improves maleic anhydride throughput and reduces the cycle time for the 
purification process. The weight ratio of the second forecut removed from the column to the remaining liquid travelling 
down the column from the stage at which the second forecut is removed is preferably between about 1 :30 and about 
1 :2, more preferably between about 1 : 1 6 and about 1 :4, and, most preferably, between about 1 :1 0 and about 1 :5. 
[0058] At least one additional heartcut can also be withdrawn from the batch refiner 42 at a stage between the top 
of the column and the center stage. Removal of additional heartcut improves maleic anhydride throughput. Improved 
throughput may reduce the amount of polymerization that occurs in the still pot of the refiner 42 as a result of time/ 
temperature exposure of the crude maleic anhydride for a prolonged time period. 

[0059] After the heartcut is removed, the batch distillation is discontinued and the still pot is recharged with crude 
maleic anhydride. The contents of the batch refiner 42 drain into the still pot 44 during this shut down period. Once the 
still pot is recharged, the start up procedures detailed above can be commenced. The bottoms residue within the still 
pot 44 is periodically removed in order to expel polymers and tars which form as a result of thermal decomposition of 
components of the crude maleic anhydride. 

[0060] In a continuous operation as shown in FIG. 2, crude maleic anhydride is directed via line 40 to an upper stage 
of a low boiler stripper 74 for removal of low boiling materials. Vapor rich in low boiling materials is removed from the 
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top of the low boiler stripper via line 76 and condensed in a condenser 78 to form a low boiler stripper make. A reflux 
splitter 80 directs a portion of the low boiler stripper make to the column as reflux via line 82. The remainder of the low 
boiler stripper make is directed via line 84 to a storage tank 86. The low boiler stripper make from the storage tank 86 
can be recycled to the lean solvent storage tank 22 storing the lean maleic anhydride absorbing solvent to be fed to 
5 the absorber column 20 or to the surge tank 28 storing the rich absorption liquor to be fed to the stripper column 34, 
or is purged from the system. The weight ratio of reflux via line 82 to remaining low boiler stripper make via line 84 is 
preferably between about 100:1 to about 1 :1 , more preferably between about 50:1 to about 5:1 , and, most preferably 
between about 20:1 to about 10:1 . 

[0061] Liquid rich in middle and high boiling materials flows to the bottom of the stripper 74 and is directed via line 
10 88 to a reboiler 90. Vapor from the reboiler 90 is returned to the low boiler stripper column via line 92. The bottoms 
liquid is also directed via line 94 to a continuous refiner 96 for separation of middle boiling materials from maleic 
anhydride in the liquid. 

[0062] The low boiler stripper 74 is operated at a temperature which varies from between about 100°C and about 
180°C in the reboiler to between about 115°C and about 145°C in the top vapor space. A temperature below about 

is 1 15°C at the top of the low boiler stripper 74 will not allow adequate purging of low boiling materials, and a temperature 
above about 145°C at the top of the column may overload the condenser. The column is operated at a head pressure 
of about 50 to about 700 mm Hg. The volumetric rate of removal of low boiling material from the stripper 74 is between 
about 1% and about 20% of the volumetric rate of introduction of crude maleic anhydride into the column. Preferably, 
the volumetric rate of removal of low boiling material is between about 1% and about 10% of the volumetric rate of 

20 introduction of the crude maleic anhydride. If the volumetric rate of removal of low boiling material is greater than 20%, 
the maleic anhydride yield may be adversely effected. 

[0063] In the continuous refiner 96, vapor is brought into countercurrent contact with a descending stream of boiling 
liquid. The concentration of middle boiling material in the vapor phase increases as the vapor rises toward the top of 
the column so long as the reflux to the column is richer in middle boiling materials than the equilibrium concentration 

25 corresponding to the vapor entering the column from the reboiler. At such conditions, some middle boiler diffuses from 
the liquid into the vapor. The heat of vaporization of the middle boiler is supplied by an equal amount of heat of con- 
densation of high boiler as it diffuses from vaporto liquid. Thus, high boiler is transferred from vapor to liquid throughout 
the column, and a thermally equivalent amount of middle boiler is transferred from liquid to vapor. Middle boilers con- 
centrate in the vapor at the top of the column, and high boilers concentrate in the liquid at the base of the column. 

30 [0064] The continuous refiner 96 is a packed column or a tray column for promoting vapor/liquid contact and mass 
transfer of maleic anhydride from the vapor phase to the liquid phase. The refiner 96 generally includes between about 
9 and about 40 equilibrium stages between the base of the column and a stage from which a side draw stream com- 
prising maleic anhydride is withdrawn, and between about 1 and about 10 equilibrium stages between the stage from 
which the side draw stream is withdrawn and the top of the column. The operating temperature and pressure of the 

35 continuous refiner 96 are between about 125°C and about 155°C, preferably between about 130°C and about 140°C, 
and about 50 mm Hg to about 185 mm Hg, preferably between about 80 mm Hg and about 100 mm Hg. 
[0065] A side draw stream comprising maleic anhydride is withdrawn at a stage above the center stage of the refiner 
96. A liquid stream leaving the column enters a product splitter 98 that directs a portion of the liquid stream to the 
column as reflux via line 100. The remainder of the liquid stream is removed via line 102 as the side draw stream. In 

40 an alternative embodiment, the side draw stream is directly removed from the refiner 96 via line 102 without being 
directed through an external product splitter 98 because the liquid stream is split internally. In either embodiment, the 
weight ratio of the side draw stream withdrawn from the column to remaining liquid travelling down the column from 
the stage at which the side draw stream is withdrawn is preferably between about 3:1 and about 1 :3, more preferably 
between about 2:1 and about 1 :3, and, most preferably, between about 1 :2 and about 1 :3. At least one additional side 

45 draw stream can be withdrawn from the refiner 96 at a stage above the center stage of the column to improve maleic 
anhydride throughput. 

[0066] As the side draw stream is withdrawn, an overhead vapor comprised of middle boiling materials, including 
maleic anhydride, having a boiling point between about 1 60°C and about 285°C at a pressure of 760 mm Hg is removed 
at a stage above that at which the side draw stream is withdrawn. Preferably, the overhead vapor is withdrawn at or 

so near the top of the refiner 96 via line 104. 

[0067] The overhead vapor is partially condensed in condenser 106 to form an overhead vapor condensate. The 
condensate separates from remaining vapor in a separator 108. A reflux splitter 110 directs a portion of the overhead 
vapor condensate to the column as reflux via line 1 1 2, while the remainder of the overhead vapor condensate is removed 
as an overhead distillate via line 1 1 4. The weight ratio of reflux via line 1 1 2 to overhead distillate via line 1 1 4 is preferably 

55 between about 20:1 to about 500:1 , more preferably between about 50:1 to about 400:1 , and, most preferably between 
about 70:1 to about 280:1. 

[0068] The vapor leaving the separator 1 08 condenses in a condenser 1 1 6 and is removed as an overhead distillate 
enriched in low boilers via line 118. The overhead distillates can be recycled via lines 114 and 118 to the lean solvent 
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storage tank 22 storing the lean maleic anhydride absorbing solvent to be fed to the absorber column 20, to the surge 
tank 28 storing the rich absorption liquor to be fed to the stripper column 34, or via line 1 20 to the crude maleic anhydride 
feed to the continuous refiner 96. The overhead distillate via line 114 can also be used as maleic anhydride product if 
the overhead product Is of the desired purity and is heat stable. 

[0069] The volumetric rate of removal of overhead distillates via lines 1 1 4 and 1 1 8 from the column is between about 
1% and about 20% of the volumetric rate of introduction of crude maleic anhydride into the refiner 96. Preferably, the 
volume of overhead distillate removed is between about 1% and about 10% of the volumetric rate of introduction of 
crude maleic anhydride. If the volumetric rate of overhead distillate removed is greater than 20%, the maleic anhydride 
yield may be adversely effected. 

[0070] The continuous process effectively separates middle boiling materials from maleic anhydride at the above- 
described reflux ratios to improve maleic anhydride yield and color stability. The maleic anhydride, acrylic acid and 
maleic acid content of the side draw stream is as described above for the heartcut of the batch distillation process. 
[0071] The overhead distillates via lines 114 and 11 8 can be removed either continuously or intermittently. The over- 
head distillates via lines 114 and 118 are more concentrated in middle boiling materials when the overhead product 
flow rate is low (i.e., at a high reflux ratio) or when the column has many stages between the top of the column and 
the stage at which the side draw stream is withdrawn. 

[0072] To most effectively separate middle boiling materials during fractionation, an overhead distillate is withdrawn 
via line 118 to purge middle boiling materials from the system, the side draw stream exits the column via line 102, and 
the overhead vapor condensate leaving the separator 1 08 is entirely directed to the column as reflux. The weight'ratio 
of reflux via line 1 1 2 to side draw stream via line 1 02 is preferably between about 1.1:1 to about 4:1 , more preferably 
between about 1 .1 :1 to about 2:1 , and, most preferably between about 1 .2:1 to about 1 .5:1 . The weight ratio of side 
draw stream via line 102 to overhead distillate via line 118 is preferably between about 20:1 to about 500:1, more 
preferably between about 50:1 to about 250:1 , and, most preferably between about 100:1 to about 200:1 . 
[0073] In another embodiment of the invention, overhead distillates are withdrawn from refiner 96 via lines 11 4 and 
1 1 8 to purge middle boiling materials from the system and a side draw stream exits the column via line 1 02. The weight 
ratio of reflux via line 1 1 2 to side draw stream via line 1 02 is preferably between about 1 . 1 : 1 to about 4: 1 , more preferably 
between about 1 .1 :1 to about 2:1 , and, most preferably between about 1 .2:1 to about 1 .5:1 . The weight ratio of side 
draw stream via line 102 to overhead distillate via line 114 is preferably between about 20:1 to about 500:1, more 
preferably between about 50:1 to about 250:1 , and, most preferably between about 1 00:1 to about 200:1 . The weight 
ratio of side draw stream via line 102 to overhead distillate enriched in low boilers via line 118 is preferably between 
about 20:1 to about 500:1 , more preferably between about 50:1 to about 250:1 , and, most preferably between about 
100:1 to about 200:1. 

[0074] In yet another embodiment, an overhead distillate is withdrawn via line 11 8 to purge middle boiling materials 
from the system and a product stream exits the column via line 1 1 4. No side draw stream is removed via line 1 02. The 
weight ratio of reflux via line 112 to product stream via line 114 is preferably between about 0.1 :1 to about 3.1, more 
preferably between about 0.1 :1 to about 1.1:1, and, most preferably between about 0.2:1 to about 0.5:1 . The weight 
ratio of product stream via line 11 4 to overhead distillate via line 1 1 8 is preferably between about 20:1 to about 500:1 , 
more preferably between about 50:1 to about 250:1 , and, most preferably between about 100:1 to about 200:1 . 
[0075] The continuous refiner 96 can include a splitter 1 22 for removing a upper side draw stream via line 124. An 
upper side draw stream is removed from a stage at which the temperature is not more than 10°C lower than the 
temperature at the stage at which the side draw stream is withdrawn. Removal of an upper side draw stream improves 
maleic anhydride throughput and reduces the cycle time for the purification process. The weight 'ratio of the upper side 
draw stream removed from the column to the remaining liquid travelling down the column from the stage at which the 
upper side draw stream is removed is preferably between about 1 :300 and about 1 :20, more preferably between about 
1 :250 and about 1 :50, and, most preferably, between about 1 :200 and about 1:100. 

[0076] Heavy ends materials having a higher boiling point than maleic anhydride are continuously removed from the 
refiner 96 via line 126. 

[0077] The refined product withdrawn from the batch refiner 42 or the continuous refiner 96 is then treated with a 
stabilizer to provide a color stabilized maleic anhydride product. Conventional color stabilizers can be incorporated in 
the refined product, such as organic compounds with labile halogens and alkyl metal halides as described in U S 
Patent Nos. 3,903,1 1 7 and 3, 775,436. The refined product has an HTH Hazen color of less than about 1 00, preferably 
less than about 50, and, more preferably, between about 15 and about 30. For purposes of the present invention, HTH 
Hazen color is determined by heating the maleic anhydride product at 180°C for one hour and then measuring the 
color on the APHA scale . 

[0078] In another embodiment of the present invention, the distillation of maleic anhydride is enhanced by treating 
crude maleic anhydride exiting the stripper column 34 with a sparge gas containing an inert gas and up to 5 mol.% 
oxygen, in order to purge low boiling materials and noncondensables from the crude maleic anhydride into the vapor 
within the column. It is believed that oxygen within a sparge gas oxidizes components that otherwise contribute to color 
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formation and converts alcohol and aldehyde noncondensables to condensable acids. The oxygen concentration within 
the sparge gas does not exceed 5 mol.% to insure that the sparge gas is inflammable. The inert gas is selected from 
the group consisting of nitrogen, helium and argon. Preferably, the sparge gas comprises between about 95 mol.% 
and about 99 mol.% inert gas and between about 1 mol.% and about 5 mol.% oxygen. 

5 [0079] In the batch distillation process illustrated in FIG. 1 , crude maleic anhydride exits the stripper column 34 via 
line 40 and is introduced into still pot 44. The sparge gas is fed via line 128 into the incoming crude maleic anhydride 
feed, via line 130 directly into the still pot 44 above the surface of the crude maleic anhydride, via line 132 directly into 
the still pot below the surface of the crude maleic anhydride, or via line 134 directly into a lower stage of the refiner 
42. Preferably, the sparge gas is introduced below the surface of the crude maleic anhydride within the still pot if the 

io sparge gas contains oxygen. The ratio of millimoles of oxygen in the cumulative gas flow during distillation to moles 
of crude maleic anhydride initially charged to the refiner 42 is about 1 .5:1 to about 1 :1 .7. 

[0080] In the continuous distillation process illustrated in FIG. 2, crude maleic anhydride exits the stripper column 
34 via line 40 and is introduced into the top of the low boiler stripper 74. The sparge gas is fed via line 136 into the 
incoming crude maleic anhydride feed to the stripper 74, and/or via line 138 into the partially purified maleic anhydride 
15 stream introduced via line 94 into the continuous refiner 96. The ratio of millimoles of oxygen in the feed to the stripper 
74 or the continuous refiner 96 to moles of crude maleic anhydride in the feed to the stripper 74 or refiner 96 is about 
3.5:1 to about 1:2. 

[0081] The sparge gas is typically continuously added to the batch refiner or continuous fractionating column at a 
fixed rate throughout the fractionation. The sparge gas, however, can be introduced into the crude maleic anhydride 
20 before fractionation. Thesparge can then be terminated before fractionation begins or can continue during fractionation. 
[0082] The present invention is illustrated by the following examples which are merely for the purpose of illustration 
and are not to be regarded as limiting the scope of the invention or manner in which it may be practiced. 

EXAMPLE 1 

25 

[0083] Crude maleic anhydride (3500 g) was fed to the still pot of a batch distillation column (hereinafter column A) 
comprised of a 20 tray Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic 
anhydride refined product, and a 5 tray Oldershaw column above the liquid dividing distillation splitter. 
[0084] Overhead vapor was removed from the top of column A and condensed. A swinging bucket reflux splitter was 

30 used to remove a portion of the overhead vapor condensate as first forecut and to return the remainder of the overhead 
vapor condensate to column A as reflux. The first forecut removed from the column was 70 ml. The ratio of overhead 
vapor condensate returned as reflux to first forecut removed from column A was 10:1. Column A was operated at a 
still pot temperature of about 1 70°C and a head pressure of about 285 mm Hg during forecut removal. An 80 ml second 
forecut was simultaneously withdrawn from the liquid dividing distillation splitter. The ratio of second forecut removed 

35 front column A to remaining liquid travelling down column A from the stage at which the second forecut is removed 
was 1:10. 

[0085] Crude maleic anhydride (3500 g) was fed to the still pot of a batch distillation column (hereinafter column B) 
comprised of a 20 tray Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic 
anhydride heartcut, and a 5 tray Oldershaw column above the liquid dividing distillation splitter. Vapor from the top of 

40 the column was condensed and the condensate was returned to the column as reflux. Column B was operated at a 
still pot temperature of about 1 70°C and a head pressure of about 285 mm Hg. A nitrogen sparge was introduced into 
the still pot above the crude maleic anhydride at a rate of 0.6 mm nitrogen per mole of maleic anhydride. A 150 ml 
forecut was removed from the liquid dividing distillation splitter. The ratio of forecut removed from column B to remaining 
liquid travelling down column B from the stage at which the forecut is removed was 1 :10. 

45 [0086] Crude maleic anhydride (3500 g) was fed to the still pot of a batch distillation column (hereinafter column C) 
comprised.of a 25 tray Oldershaw column below a 5 tray Oldershaw column. A 150 ml overhead vapor was removed 
from the top of column C and condensed. A swinging bucket reflux splitter was used to remove a portion of the overhead 
vapor condensate as first forecut and to return the remainder of the overhead vapor condensate to column C as reflux. 
The first forecut removed from the column was 150 ml. The ratio of overhead vapor condensate returned as reflux to 

so forecut removed from column C was 10:2. Column C was operated at a still pot temperature of about 170°C and a 
head pressure of about 285 mm Hg during forecut removal. 

[0087] the total impurities in the forecut samples were analyzed by capillary gas chromatography (GLPC). The total 
impurities for each forecut are reported below in Table 1 : 

55 
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TABLE 1 



5 





Column A 


Column B 


Column C 


First Forecut 


575 ppm 


804 ppm 


324 ppm 


Second Forecut 


1813 ppm 







[0088] Column A removed 1 .5 to 4 times the amount of impurities in the same forecut volume removed in columns 
B and C. The same source of crude maleic anhydride was used in columns A and B. The total impurities in the crude 
w maleic anhydride fed to column C were found to be virtually identical to that fed to columns A and B. Therefore, the 
difference in the impurity levels is attributed to column configuration. 

EXAMPLE 2 

is [0089] After removal of the forecut in column A, the still pot temperature and head pressure were reduced to 1 40°C 
and 85 mm Hg, respectively. Eight 300 ml samples of heartcut were then withdrawn from the liquid dividing distillation 
splitter. The ratio of heartcut removed from column A to remaining liquid travelling down column A from the stage at 
which the heartcut is removed was 3:1 . 

[0090] During removal of the first three heartcut samples, a 33.3 ml overhead vapor was removed from the top of 
20 column A and condensed. The swinging bucket reflux splitter was used to return a portion of the overhead vapor 
condensate to column A as reflux. The remainder of the overhead vapor condensate was removed as an overhead 
distillate. The ratio of overhead vapor condensate returned as reflux to overhead distillate removed from column A was 
12:1 . The total impurities in the combined overhead vapor (1 00 ml) were 235 ppm. 

[0091] After removal of the forecut in column B, the still pot temperature and head pressure were reduced to 140°C 
25 and 85 mm Hg, respectively. Eight 300 ml samples of heartcut were then withdrawn from the liquid dividing distillation 
splitter. The ratio of heartcut removed from column B to remaining liquid travelling down column B from the stage at 
which the heartcut is removed was 3:1 . No overhead vapor was taken from column B. 

[0092] The total impurities and color stability of each heartcut sample are reported in Table 2 below. HT2 color stability 
testing was conducted by heating the sample to 1 40°C for two hours. A more severe heat test, known as HTH testing, 
30 was completed by heating the sample to 180°C for one hour. Color stability was measured using color comparator 
tubes (CPT) in which visual comparisons were made against an equal volume of a Pt-Co standard solution. Lovibond 
Colorscan PFX-990 instrument values (LVB) were determined as an alternative measure of color stability. 



TABLE 2 



35 


Heartcut 


Total Impurities 


HT2-CPT 


HT2-LVB 


HTH-CPT 


HTH- LVB 




sample 1 


(ppm) 


(Hazen Color) 


(Hazen Color) 


(Hazen Color) 


(Hazen Color) 




1A 


54 


20 


16 


140 


113 


40 


1B 


124 


24 


23 


350 


218 


2A 


41 


18 


11 


190 


137 




2B 


86 


20 


17 


350 


199 




3A 


50 


16 


10 


100 


80 


45 


3B 


59 


18 


12 


130 


98 




4A 


52 


12 


10 


200 


143 




4B 


54 


20 


15 


300 


174 


50 


5A 


52 


12 


10 


60 


51 




5B 


29 


14 


9 


350 


199 




6A 


41 


14 


12 


130 


92 




6B 


65 


14 ; 


8 


140 


104 


55 


7A 

1 * J . 


64 


18 


15 


80 


64 



A designates column A sample and B designates column B sample 
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TABLE 2 


continued) 


Heartcut 


Total impurities 


HT2-CPT 


HT2-LVB 


HTH-CPT 


HTH-LVB 


sample 1 


(ppm) 


(Hazen Color) 


(Hazen Color) 


(Hazen Color) 


(Hazen Color) 


7B 


75 


14 


8 


210 


142 


8A2 












8B 


106 


16 


9 


300 


185 



1 A designates column A sample and B designates column B sample 

2 Mechanical problem caused loss of the sample. 



[0093] Column A provided heartcut having enhanced color stability especially as measured in terms of HTH Hazen 
color, the more severe test for heat stability. 

[0094] Samples 6 to 8 typically include more high-boiling, color-forming material resulting in higher HT2 Hazen color 
for these samples. 



EXAMPLE 3 



[0095] Crude maleic anhydride (2000 g) was fed to the still pot of a batch distillation column comprised of a 20 tray 
20 Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic anhydride heartcut, 
and a 5 tray Oldershaw column above the liquid dividing distillation splitter. 

[0096] A first run was made by removing both forecut and overhead distillate fractions from the column, hereinafter 
referred to as "forecut/overhead distillate run." Overhead vapor was removed from the top of the distillation column 
and condensed. An 80 ml condensate stream was removed from the column as forecut. The volume of forecut removed 

25 constituted 5% of the volume of the crude maleic anhydride introduced into the column. None of the overhead vapor 
condensate was returned to the column as reflux. The column was operated at a still pot temperature of about 170°C 
and a head pressure of about 285 mm Hg during forecut removal. After removal of the forecut, the temperature and 
pressure were reduced to 1 40°C and 85 mm Hg. Eight 1 50 ml samples of heartcut were then withdrawn from the liquid 
dividing distillation splitter. The ratio of heartcut removed from the column to remaining liquid travelling down the column 

30 from the stage at which the heartcut is removed was 3:1 . During removal of the first five heartcut samples, a 1 00 ml 
overhead vapor was removed from the top of the column and condensed. The swinging bucket reflux splitter was used 
to return a portion of the overhead vapor condensate to the column as reflux. The remainder of the overhead vapor 
condensate was removed as an overhead distillate. The ratio of overhead vapor condensate returned as reflux to 
overhead distillate removed from the column was 10:1 . The heartcuts were combined, stabilized, and analyzed for 

35 HT2 and HTH color stability using a Lovibond Colorscan. The heartcut composite had an HT2 Hazen color of 8 and 
an HTH Hazen color of 88. 

[0097] A comparative run was made in which a larger volume of forecut is removed from the column without any 
overhead distillate removal, hereinafter referred to as an "extended forecut run." Overhead vapor was removed from 
the top of the distillation column and condensed. A 1 80 ml condensate stream was removed from the column as forecut. 

40 The forecut volume in the comparative run is equal to the combined volume of the forecut and overhead distillate 
fractions removed in the forecut/overhead distillate run described above. None of the overhead vapor condensate was 
returned to the column as reflux. The column was operated at a still pot temperature of about 170°C and a head 
pressure of about 285 mm Hg during forecut removal. After removal of the forecut, the temperature and pressure were 
reduced to 140°C and 85 mm Hg. Eight 150 ml samples of heartcut were then withdrawn from the liquid dividing 

45 distillation splitter No overhead distillate fractions were taken. The heartcuts were combined, stabilized, and analyzed 
for HT2 and HTH color stability using Colorscan. The heartcut composite had an HT2 Hazen color of 9 and an HTH 
Hazen color of 160. 

[0098] In order to determine the extent of run-to-run variation , eight additional runs were made, alternating the forecut/ 
overhead distillate run and the extended forecut run as described above. The results are tabulated below in Table 3: 

50 

TABLE 3 



Run Type 


HT2 (Hazen Color) 


HTH (Hazen Color) 


Forecut/overhead distillate 


15 


30 


Extended forecut 


16 


32 


Forecut/overhead distillate 


12 


20 



13 
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TABLE 3 (continued) 



Dun *T\*ha 

nun lype 


mtz (nazen color) 


HTH (Hazen Color) 


Extended forecut 


12 


70 


Forecut/overhead distillate 


19 


34 


Extended forecut 


11 


33 


Forecut/overhead distillate 


12 


44 


Extended forecut 


10 


29 



[0099] The Hazen color of the samples is similar because the crude maleic anhydride contained only a small amount 
of impurities that decompose to form color formers. Crude maleic anhydride typically contains more of these impurities. 
Heartcut from typical crude maleic anhydride will exhibit improved color when a forecut and an overhead distillate are 
removed as compared to the color of heartcut when an extended forecut is removed. This improved color is illustrated 
in the first comparative runs of this example. 

EXAMPLE 4 

[0100] Crude maleic anhydride (2000 g) was fed to the still pot of a batch distillation column comprised of a 20 tray 
Oldershaw column below an automatic liquid dividing distillation splitter for withdrawal of maleic anhydride heartcut, 
and a 5 tray Oldershaw column above the liquid dividing distillation splitter. 

[0101] An overhead vapor was removed from the top of the distillation column and condensed. A swinging bucket 
reflux splitter was used to return a portion of the overhead vapor condensate to the column as reflux. The ratio of 
overhead vapor condensate returned as reflux to first forecut removed from the column ranged between 15:1 and 1 : 
1 .8. A second forecut was removed from the liquid dividing distillation splitter during removal of the first forecut. The 
ratio of second forecut removed from the column to remaining liquid travelling down the column from the stage at which 
the second forecut is removed was between 1 .7:1 and 1 :15. The total forecut volume was between 40 ml and 215 ml. 
The column was operated at a still pot temperature of about 170°C and a head pressure of about 285 mm Hg during 
forecut removal. 

[0102] After removal of the forecut, the temperature and pressure were reduced to 140°C and 85 mm Hg. Eight 150 
ml samples of heartcut were then withdrawn from the liquid dividing distillation splitter. The ratio of heartcut removed 
from the column to remaining liquid travelling down the column from the stage at which the heartcut is removed was 
between 3:1 and 1 :5. During removal of the first 2 to 4 heartcut samples, an overhead vapor was removed from the 
top of the column and condensed. The swinging bucket reflux splitter was used to return a portion of the overhead 
vapor condensate to the column as reflux. The remainder of the overhead vapor condensate was removed as an 
overhead distillate. The ratio of overhead vapor condensate returned as reflux to overhead distillate removed from the 
column during heartcut removal was between 20:1 and 2.7:1. The total volume of overhead distillate removed was 
between 40 ml and 110 ml. The heartcut fractions were combined, heated to 180°C for one hour, and analyzed using 
Colorscan measurement to determine HTH Hazen color. The results of the study are shown in Table 4. 
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TABLE 4 



5 



10 



15 



20 



25 



30 



Run No. 


FC/LS 1 


FC/US 2 


HC/LS 3 


HC/US 4 


Total 

Volume of 

Forecut 

Taken 

During 

Forecut 

Steo (ml) 


Total 

Volume of 

Overhead 

Distillate 

Taken 

During 

Heartcut 

Step (ml) 


HTH Hazen 
Color 


1 


1:1 


1:1 


1:5 


5:1 


200 


100 


191 


2 


15:1 


1:1 


1:5 


20:1 


200 


50 


225 


3 


1:1 


15:1 


1:5 


20:1 


50 


100 


245 


4 


15:1 


15:1 


1:5 


5:1 


50 


50 


288 


5 


1:1 


1:1 


2:1 


20:1 


50 


50 


203 


6 


15:1 


1:1 


2:1 


5:1 


50 


100 


80 


7 


1:1 


15:1 


2:1 


5:1 


200 


50 


79 


8 


15:1 


15:1 


2:1 


20:1 


200 


100 


177 


9 


3:3.5 


4:1 


. 3:1 


4:1 


40 


110 


200 


10 


3:3.5 


3:3.5 


3:1 


12:1 


190 


110 


91 


11 


4:1 


3:3.5 


3:1 


4:1 


190 


60 


21 


12 


1:1.7 


1:1.3 


2:1 


6:1 


155 


90 


18 


13 


1:1.7 


1:1.3 


2:1 


6:1 


155 


90 


23 


14 


1:1.6 


1:1.8 


2.8:1 


3:1 


215 


65 


50 


15 


1.5:1 


1:1 


1:1.6 


2.7:1 


160 


40 


26 


16 


1.3:1 


1.2:1 


1.4:1 


4:1 


140 


75 


29 [ 



1 Forecut Step/Lower Splitter: Ratio of remaining liquid travelling down the column from the stage at which the second forecut is removed to second 
forecuT removed from the column 

2 Forecut Step/Upper Splitter: Ratio of overhead 25 vapor condensate returned as reflux to first forecut removed from the column 

3 Heartcut Step/Lower Splitter: Ratio of remaining liquid travelling down the column from the stage at which the heartcut Is removed to heartcut 

30 removed from the column 

4 Heartcut Step/Upper Splitter: Ratio of overhead vapor condensate returned as reflux to overhead distillate removed from the column during 
heartcut removal 

[0103] The maleic anhydride heartcut of runs 11-16 exhibited a preferred HTH Hazen color not greaterthan 50, and 

the heartcut of runs 6, 7 and 10 exhibited a satisfactory HTH Hazen color less than 100. 

[0104] In view of the above, it will be seen that the several objects of the invention are achieved. 

[0105] As various changes could be made in the above-described invention without departing from its scope, it is 

intended that all matter contained in the above description be interpreted as illustrative and not in a limiting sense. 



Claims 

50 1 . A process for the purification and color stabilization of crude maleic anhydride by distillation in a batch distillation 
column, the process comprising: 

heating crude maleic anhydride; 

removing a first forecut comprised of maleic anhydride and low boiling materials, said low boiling materials 
55 having a boiling point between 45°C and 155°C at a pressure of 760 mm Hg: 

removing an overhead vapor after removal of the first forecut to remove low and middle boiling materials 
generated during the distillation, the overhead vapor being comprised of middle boiling materials including 



15 



EP 0 928 782 B1 



maieic anhydride, said middle boiling materials having a boiling point between 1 60°C and 285°C at a pressure 
of 760 mm Hg; 

condensing at least a portion of the overhead vapor to an overhead vapor condensate; 

directing at least a portion of the overhead vapor condensate to the column as reflux; and 

withdrawing a heartcut comprising maieic anhydride from a stage below that at which the first forecut and the 

overhead vapor are removed, wherein the heartcut is withdrawn during removal of the overhead vapor. 

The process of claim 1 including the step of removing the overhead vapor condensate that is not directed to the 
column as reflux as an overhead distillate at a reflux to overhead distillate weight ratio between 144:1 and 2:1 . 

The process of claim 1 wherein during removal of the first forecut, a second forecut is removed from a stage which , 
during removal thereof, is at a temperature not more than 1 0°C lower than the temperature at the stage from which 
the heartcut is subsequently removed. 

The process of claim 1 wherein the heartcut contains at least 99.5 wt.% maieic anhydride, not more than 1 0 ppm 
acrylic acid and not more than about 0.02 wt.% maieic acid. 

A process forthe purification and color stabilization of crude maieic anhydride by continuous distillation, the process 
comprising: 

introducing crude maieic anhydride in a stripper column; 
removing an overhead stream from the stripper column; 
removing a bottoms stream from the stripper column; 
introducing the bottoms stream into a refining column; 

removing an overhead vapor from the refining column to remove low and middle boiling materials generated 
during the distillation, the overhead vapor being comprised of middle boiling materials including maieic anhy- 
dride and having a boiling point between 160°C and 285°C at a pressure of 760 mm Hg; 
condensing a portion of the overhead vapor to an overhead condensate; 
directing at least a portion of the overhead condensate to the refining column as reflux; and 
withdrawing a side draw stream comprising at least 99.90 wt.% maieic anhydride from the refining column 
during removal of the overhead vapor. 

The process of claim 5 wherein the overhead condensate is entirely directed to the refining column as reflux, and 
a second side draw stream is withdrawn from a stage of the refining column between the top of the refining column 
and the center stage. 

The process of claim 5 Including the steps of condensing at least a portion of the overhead stream to a second 
overhead condensate, and directing at least a portion of the second overhead condensate to the stripper column 
as reflux, wherein the weight ratio of the reflux to the second overhead condensate not returned as reflux is between 
100:1 and 1:1. 

A process forthe purification and color stabilization of crude maieic anhydride by continuous distillation, the process 
comprising: 

heating crude maieic anhydride in a stripper column; 
removing an overhead stream from the stripper column; 
removing a bottoms stream from the stripper column; 
introducing the bottoms stream into a refining column; 

removing an overhead vapor from the refining column to remove low and middle boiling materials generated 
during the distillation, the overhead vapor being comprised of middle boiling materials including maieic anhy- 
dride and having a boiling point between 1 60°C and 285°C at a pressure of 760 mm Hg; 
condensing a portion of the overhead vapor to an overhead condensate; 
directing a portion of the overhead condensate to the refining column as reflux; 

removing the overhead condensate that is not directed to the refining column as reflux as an overhead distillate 
at a reflux to overhead distillate weight ratio between 20:1 and 500:1 ; and 

withdrawing a side draw stream comprising at least 99.5 wt.% maieic anhydride from the refining column during 
removal of the overhead vapor. 
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9. A process for the purification of crude maleic anhydride by distillation as claimed in any one of claims 1 to 8, the 
process further comprising: treating the crude maleic anhydride with a gas containing an inert gas and, optionally, 
oxygen, such that noncondensables are purged from the crude maleic anhydride when the ratio of millimoles of 
oxygen in the cumulative gas flow during distillation to moles of crude maleic anhydride initially charged to the 

5 column is up to about 3.5:1 . 

10. A process for the purification of crude maleic anhydride by distillation as claimed in any one of claims 1 to 8, the 
process further comprising: treating the crude maleic anhydride with a gas containing an inert gas and up to 5 mol. 
% oxygen such that noncondensables are purged from the crude maleic anhydride. 

10 

PatentansprUche 

1. Verfahren zur Reinigung und Farbstabilisierung von rohem Maleinsaureanhydrid mittels Destination in einer Bla- 
15 sendestillationssaule, mit den folgenden Schritten: 

Erhitzen von rohem Maleinsaureanhydrid, 

Entfemen einer ersten Vorfraktion, die Maleinsaureanhydrid und niedrig siedende Materialien umfa(3t, wobei 
die niedrig siedenden Materialien einen Siedepunkt zwischen 45°C und 1 55 °C bei einem Druck von 760 mm 

20 Hg aufweisen, 

Entfemen eines Oberkopfdampfes nach Entfernen der ersten Vorfraktion, so daB wahrend der Destination 
gebildete niedrig und mittel-siedende Materialien entfernt werden, wobei der Oberkopfdampf mittel-siedende 
Materialien einschlieBlich Maleinsaureanhydrid umfaBt, welche einen Siedepunkt zwischen 160 °C und 285 
°C bei einem Druck von 760 mm Hg aufweisen, 

25 Kondensieren mindestens eines Teils des Oberkopfdampfes zu einem Uberkopfdampfkondensat, 

Leiten mindestens eines Teils des Uberkopfdampfkondensats als RiickfluB zu der Saule, und 
Entnehmen einer Herzfraktion, die Maleinsaureanhydrid umfaBt, auf einer Stufe unterhalb derjenigen, an wel- 
cher die erste Vorfraktion und der Uberkopfdampf entfernt werden, wobei die erste Herzfraktion wahrend der 
Entfemung des Oberkopfdampfes entnommen wird. 

30 

2. Verfahren nach Anspruch 1 , mit dem Schritt des Entfernens des Oberkopfdampfkondensats, das nicht als Ruckf luB 
zu der Saule zuruckgeleitet wird, als Oberkopfdestillat in einem Gewichtsverhaltnis RiickfluB-zu-Oberkopfdestillat 
zwischen 144:1 und 2:1. 

35 3. Verfahren nach Anspruch 1 , wobei wahrend dem Entfernen der ersten Vorfraktion eine zweite Vorfraktion auf einer 
Stufe entfernt wird, die bei deren Entfernung eine Temperatur hat, die nicht mehr als 10 °C niedriger ist als die, 
Temperatur auf der Stufe, aus der die Herzfraktion anschlieBend entfernt wird. 

4. Verfahren; nach Anspruch 1 , wobei die Herzfraktion mindestens 99,5 Gew% Maleinsaureanhydrid, nicht mehr als 
40 10 ppm Acrylsaure und nicht mehr als etwa 0,02 Gew% Maleinsaure enthalt. 

5. Verfahren zur Reinigung und Farbstabilisierung von rohem Maleinsaureanhydrid mittels kontinuierlicher Destina- 
tion, mit den folgenden Schritten: 

45 Einbringen von rohem Maleinsaureanhydrid in eine Abstrippsaule, 

Entfemen eines Oberkopfstroms aus der Abstrippsaule, 
Entfemen eines Bodenstroms aus der Abstrippsaule, 
Einbringen des Bodenstroms in eine RaffinationssSule, 

Entfemen eines Oberkopfdampfes aus der Raffinationssaule, so daB wahrend der Destination gebildete niedrig 
so und mittel-siedende Materialien entfernt werden, wobei der Uberkopfdampf mittel-siedende Materialien ein- 

schlieBlich Maleinsaureanhydrid umfaBt, welche einen Siedepunkt zwischen 160 °C und 285 °C bei einem 
Druck von 760 mm Hg aufweisen, 

Kondensieren eines Teils des Oberkopfdampfes zu einem Oberkopfkondensat, 
Leiten mindestens eines Teils des Oberkopfkondensats als RiickfluB zu der Raff inationssaule, und 
55 Entnehmen eines Seitenabzugsstroms, der mindestens 99,90 Gew% Maleinsaureanhydrid umfaBt, aus der 

Raffinationssaule wahrend der Entnahme des Oberkopfdampfes. 

6. Verfahren nach Anspruch 5, wobei das gesamte Oberkopfkondensat als RiickfluB zu der Raffinationssaule geleitet 
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wird und ein zweiter Seitenabzugsstrom auf einer Stufe der Raffinationssaule zwischen dem oberen Ende der 
Raffinationssaule und der Mittelstufe entnommen wird. 

7. Verfahren nach Anspruch 5, mit den Schritten des Kondensierens mindestens eines Teils des Uberkopfstroms zu 
einem zweiten Oberkopfkondensat und des Leitens mindestens eines Teils der zweiten Uberkopfkondensats als 
RuckfluB zu der Abstrippsaule, wobei das Gewichtsverhaltnis von RuckfluB zu dem nicht als RuckfluB zuruckge- 
leiteten zweiten Uberkopfkondensat zwischen 100:1 und 1 :1 betragt. 

8. Verfahren zur Reinigung und Farbstabillsierung von rohem Maleinsaureanhydrid mittels kontinuierlicher Destina- 
tion, mit den folgenden Schritten: 

Erhitzen von rohem Maleinsaureanhydrid in einer Abstrippsaule, 
Entfemen eines Uberkopfstroms aus der Abstrippsaule, 
Entfemen eines Bodenstroms aus der Abstrippsaule, 
Einbringen des Bodenstroms in elne Raffinationssaule, 

Entfemen eines Oberkopfdampfes aus der Raffinationssaule, so daB wahrend der Destination gebildete niedrig 
und mittel-siedende Materialien entfernt werden, wobei der Uberkopfdampf mittel-siedende Materialien ein- 
schlieBlich Maleinsaureanhydrid umfaBt, welche einen Siedepunkt zwischen 160 °C und 285 °C bei einem 
Druck von 760 mm Hg aufweisen, 

Kondensieren eines Teils des Oberkopfdampfes in ein Uberkopfkondensat, 
Leiten eines Teils des Uberkopfkondensats als RuckfluB zu der Raffinationssaule, 

Entfemen des nicht als RuckfluB zu der Raffinationssaule zuruckgeleiteten Uberkopfkondensats als Uber- 
kopfdestillat in einem Gewichtsverhaltnis RuckfluB-zu-Oberkopfdestillat zwischen 20:1 und 500:1, und 
Entnehmen eines Seitenabzugsstroms, der mindestens 99,5 Gew% Maleinsaureanhydrid umfaBt, aus der 
Raffinationssaule wahrend der Entnahme des Oberkopfdampfes. 

9. Verfahren zur Reinigung von rohem Maleinsaureanhydrid mittels Destination nach einem der Anspruche 1 bis 8, 
das des weiteren die folgenden Schritte umfaBt: Behandeln des rohen Maleinsaureanhydrids mit einem Gas, das 
ein Inertgas und gegebenenfalls Sauerstoff umfaBt, so daB nicht kondensierbare Bestandteile aus dem rohen 
Maleinsaureanhydrid gespult werden, wenn das Verhaltnis der Millimole Sauerstoff im kumulativeniGasstrom wah- 
rend der Destination zu den Molen rohen Maleinsaureanhydrids, die anfanglich in die Saule eingebracht wurden, 
bis zu etwa 3,5:1 betragt. 

10. Verfahren zur Reinigung von rohem Maleinsaureanhydrid mittels Destination nach einem der Anspruche 1 bis 8, 
das des weiteren die folgenden Schritte umfaBt: Behandeln des rohen Maleinsaureanhydrids mit einem Gas, das 
ein Inertgas und bis zu 5 Mol% Sauerstoff umfaBt, so daB nicht kondensierbare Bestandteile aus dem rohen 
Maleinsaureanhydrid gespult werden. 



Revendications 

1 . Procede pour la purification et la stabilisation de la couleur de I'anhydride maleique brut par distillation sur colonne 
de distillation en lots, ie procede comprenant : 

le chauffage de I'anhydride maleique brut ; 

- la separation d'une premiere fraction de tete composee d'anhydride maleique et de produits a bas point d'6bul- 
iition, lesdits produits a bas point d'ebullition ayant un point d'ebullition compris entre 45°C et 155°C a la 
pression de 760 mmHg ; 

- la separation de vapeurs de tete apres la separation de la premiere fraction de tete pour separer les produits 
de bas point d'ebullition et de point d'ebullition intermediaire g6n6res au cours de la distillation, les vapeurs 
de tete etant compos6es de produits de point d'ebullition intermediaire incluant I'anhydride maleique, lesdits 
produits de point d'ebullition intermediaire ayant un point d'ebullition compris entre 160°C et 285°C a la pres- 
sion de 760 mmHg ; 

la condensation d'au moins une portion des vapeurs de tete en un condensat de vapeurs de tete ; 

- I'envoi d'au moins une portion du condensat des vapeurs de tete vers la colonne, sous forme de reflux ; et 

- le soutirage d'une fraction centrale comprenant de I'anhydride maleique, a partir d'un etage situe au-dessous 
de celui a partir duquel la premiere fraction de tete et les vapeurs de tete sont s6par6es, la fraction centrale 
etant soutiree au cours de la separation des vapeurs de tete. 
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Precede selon la revendication 1 , comprenant l'6tape de separation du condensat des vapeurs de tete qui n'est 
pas envoy6 dans la colonne sous forme de reflux, sous la forme d'un distillat de tete a un rapport ponderal (reflux) 
/(distillat de tete) compris entre 144 : 1 et 2 : 1 . 

Procede selon la revendication 1, dans lequel, au cours de la separation de la premiere fraction de tete, une 
seconde fraction de tete est s6paree a un etage qui, au cours de ladite separation, est a une temperature non 
inferieure de plus de 10°C a la temperature de I' etage a partir duquel la fraction centrale est ensuite separee. 

Procede selon la revendication 1 , dans lequel la fraction centrale contient au moins 99,5 % en poids d'anhydride 
maleique, pas plus de 10 ppm d'acide acrylique et pas plus de 0,02 % en poids environ, d'acide maleique. 

Procede pour la purification et la stabilisation de la couleur de I'anhydride maleique brut par distillation continue, 
(edit proc6de comprenant : 

- Introduction d'anhydride maleique brut dans une colonne de distillation ; 
la separation d'un jet aerien provenant de la colonne de distillation ; 

la separation d'un jet inferieur provenant de la colonne de distillation ; 
I' introduction du jet inferieur dans une colonne de raffinage ; 

la separation de vapeurs de tete a partir de la colonne de raffinage pour separer les produits a bas point 
d'ebullition et les produits a point d'ebullition intermediate generes au cours de la distillation, les vapeurs de 
tete etant composees de produits de point d'ebullition intermediaire Incluant I'anhydride maleique et ayant un 
point d'ebullition compris entre 160°C et 285°C a la pression de 760 mmHg ; 
la condensation d'une portion des vapeurs de tete en un condensat de tete ; 

renvoi d'au moins une portion du condensat de tete dans la colonne de raffinage, sous la forme de reflux ; et 

- le soutirage d'un jet lateral comprenant au moins 99,90 % en poids d'anhydride maleique, a partir de la colonne 
de raffinage, au cours de la separation des vapeurs de tete. 

Proced6 selon la revendication 5, dans lequel la condensat de tete est entierement envoye dans la colonne de 
raffinage sous forme de reflux, et un second jet lateral est soutire a un 6tage de la colonne de raffinage situ6 entre 
le sommet de la colonne de raffinage et l'6tage central. 

Procede selon la revendication 5, comprenant les etapes de condensation d'au moins une portion du jet de tete 
en un second condensat de t§te, et renvoi d'au moins une portion du second condensat de tete dans la colonne 
de distillation sous forme de reflux, dans lequel le rapport ponderal (reflux)/(second condensat de tete non renvoye 
sous forme de reflux) est compris autre 100 : 1 et 1 : 1 . 

Procede pour la purification et la stabilisation de la couleur de I'anhydride maleique brut par distillation continue, 
le precede comprenant : 

le chauffage de I'anhydride maleique brut dans une colonne de distillation ; 
la separation d'un jet aerien provenant de la colonne de distillation ; 
la separation d'un jet inferieur provenant de la colonne de distillation ; 
('introduction du jet inferieur dans une colonne de raffinage ; 

la separation de vapeurs de tete a partir de la colonne de raffinage pour s6parer les produits a bas point 
d'ebullition et les produits a point d'ebullition intermediaire gen6r6s au cours de la distillation, les vapeurs de 
tete etant composees de produits de point d'ebullition intermediaire incluant I'anhydride maleique et ayant un 
point d'ebullition compris entre 160°C et 285°C a la pression de 760 mmHg ; 
la condensation d'une portion des vapeurs de tete en un condensat de tete ; 

I'envoi d'au moins une portion du condensat de tete dans la colonne de raffinage, sous la forme de reflux ; 
la separation du condensat de tete qui n'est pas envoy6 dans la colonne de raffinage sous forme de reflux, 
sous la forme d'un distillat de tete a un rapport ponderal (reflux)/(distillat de tete) compris entre 20 : 1 et 500 : 
1 ;et 

- le soutirage d'un jet lateral comprenant au moins 99,5 % en poids d'anhydride maleique, a partir de la colonne 
de raffinage au cours de la separation des vapeurs de tete: 

Procede pour la purification d'anhydride maleique brut par distillation selon I'une quelconque des revendications 
1 a 8, le procede comprenant aussi le traitement de I'anhydride maleique brut par un gaz contenant un gaz inerte 
et 6ventuellement de I'oxygene, de facon a ce que les non-condensables soient purges de I'anhydride maleique 
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brut lorsque le rapport (millimoles d'oxygene dans le flux gazeux cumulatif au cours de la distillation)/(moles d'an- 
hydride mateique brut initialement charg6 dans la colonne) s'6leve jusqu'a environ 3,5 : 1 . 

10. Proc6d6 pour !a purification d'anhydride mal6ique brut par distillation selon Tune quelconque des revendications 
1 a 8, le proc6d6 comprenant aussi le traitement de Panhydride mateique brut par un gaz contenant un gaz inerte 
et jusqu'a 5 % molaire d'oxygene de facon a ce que les non-condensables soient purges de Tanhydride maleique 
brut. 
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